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PREFACE TO THE THIRD EDITION 

^KE Data of physical anlhropolog)- conlinues to eiilnrse and acvumti* 
Ifltc at an accelerating rate. The nine years that have elapsed since 
Che piiblicaHon of the second edition in 1951 has w'itnesse<l some 
strilcing developments which have led to the rc-c\'a]uutjon of many 
once-solidly entrenched ideas. There has been a henlthy shift of In¬ 
terest away from the statics of the subject to a dynamic functional 
ai)proaclK This is particularly evident in tlie miCTO*evoIutionajy studies 
of human populations which have begun to make their appearance. 

Tlie call for a new edition has enabled me to incorporate some 
of these changes in the present volume. A great portion of the book 
has been rewritten, and many new illustratlonx, tables* and references 
added. 

As in the earlier editions it has been my object to make the subject 
matter of physical anthroi>ology rendahly comprehensible to the be¬ 
ginning student. I hope tlint otliers may also find the book so. 

For help with illustrative material I am much indebted to my 
colleagues Professor H, V. Vallols* Director of tl«> Musee, de ITlomme, 
Paris, Dr. C. Arambourg and also Messrs. P. Biberson and J, Signeux, 
of the Muslim National D*Hlstoirc Natiirelle, Paris, Dr. K. P. Oaklev' 
of the British Museum (Natural History). London, Professors I, Sebour 
and M. Massler of the College of Dentistry of tlie University* of Illi¬ 
nois. Cldcago, Professor C. Snmv, Dqjartment of Anthropology, Uni* 
versity of Kentucky, Professors Raymond Dart and P, V. Tobins, De¬ 
partment of Anatomy, University of ^\'itwatersrand. Johannesburg. 
South Africa, Dr. R. Singer, Dqmrtment of Anatomy, Univerrity of 
Cape Town, Medical School. Observatory'. Cape, Dr. Halbert L. Dunn, 
Chief, National Office of Vital Statistics, Pr^essor W. \V. Greulicli, 
Department of Anatomy, Stanford University’ Medical Sclwol. Palo 
Alto, Mrs. H. M. Worthington, Denver Museum of Natural History*. 
Denver, Dr. A. E. Mourant. Tlie Lister Institute of P^c^'cntive Med¬ 
icine, London. 

To Dr. Edward Hunt, of tlie Department of Antbroi>ology, Itar* 
vard University and to Professor Charles Snow of the Department of 
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Anthropology, Uoivenily of Kentucky, I owe many thanks for their 
helpful reading of the proofs- To Dr, N. A, Bamicot, of the Depart¬ 
ment of Anthropology, University College, London, I am obliged for 
several helpful suggestions. 

To Dr. A. S. Wiener, Medical Examiner's Office, New York, I am 
greatly indebted, as in previous ediKons. for his helpful reading of the 
sections on blood groups and blood-typing. It should be made per¬ 
fectly clear, however, that Dr. Wieuer strongly disapproves of the 
views expressed in those sections on the relation between blood 
groups and disease, and thoroughly dissociates himself from them as 
contributing both to confusion and chaos. He has done his best to 
convince me of this, but I have obstinately resisted his efforts. 

Finally, I wish to thank Dr. Bichard Levins, Department of Zool¬ 
ogy. Colombia University, and Professor Max Levitan, Department 
of Anatomy. Woman's Medical College of Pennsylvania, for their 
critical reading of Appendix C. 

Princetem, New Jersey. 

M, F, AsHLEv Montagu 


PREFACE TO THE SECOND EDITION 

S- up to dote 0 volume 6r« 

^bli^d ui Sm« then many dgw and importanl discoveries 
ave been made which throw new light upon die evolution of man. 
Iftese are marporated in the present edition. The whole work has 
been Aorou^y revised and much new material and many new 
Illustrations added. ^ 

Professor Gabriel Lasker of Wayne University, Detroit, read the 
manuscript ^d made many useful suggestions. Professor Gerhardt 
von Bom of the Univcnity of Dlinois, not only performed a simi- 
^ servi«, but also read the gaUeys and lent his expert knowledge 
to the chet^ng Of ^ accuracy of the brain drawings. Profeswr 
Theodonus Dobd,aasky of Columbia University gave the sections on 
the of evolution the benefit of his critical reading. Pro- 

ijsot Wdlim C. Boyd of Boston University and Dr. A. S. Wiener 
^New York kindly read the sections on the blood groups, and Dr. 
Stagey Gam of the Forsyth Infirmary, Boston, read the section on 
^Wporne^. Pr^or Donald Hager of Princeton University. 
JVofessor J. N. SpuWer of Ohio State University, and Professor W S 
Laughhij of the University of Oregon, each read the gaUeys. Pro- 
tessot Laughlin also contributed the section on blood typing tech- 
a^ue m the Appendix. Professor W. E. Le Gros Clark of Oxford 
Univenxfy has been most helpful in sending me copies of his writings 
even before they were published. Dr. Kenneth P. Oakley of the 
British Museum (Natural History), London, generously helped in 
a similar capacity. Dr. L. S. B. Leakey of Nairobi, East Afri« Pro- 
fessor aaude Levi-Strauss of the Mus^ de IHomme, and Professor 
Heon Vallois of tlie Institut de Pal^oatologie Humaine, both of 
^s. Or. L. J. Angel, of Jefferson Medical College, Philadelphia* 
Dr. Robert Broom of Pretoria, South Africa; Professor Raymond Dart 
University of Witwatersrand, South Africa; Sir Arthur Keith of 
Downe, Kent; Dr. Geoffrey Morant of London; Dr, William H, 
Sheldon of the Constitution Laboratory, Columbia University; Mr. 

J. C. Trevor of Cambridge University; and Mrs. H. M. Worthington 
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of tlie University of Denver, Colorado, very kindly supplied photo¬ 
graphs. For these friendly services I am grateful to each of them. 
To R. T. Simmons of the Commonwealth Serum Laboratories, Mel¬ 
bourne, I am much indebted for keeping me abreast of research on 
blood typing in the Pacifio. To Dr. Alfred Wood of die Philadelphia 
General Hospital I am grateful for his careful reading of the page 
proof. 

M. F. Ashley Montagu 


Department of Anthropology* 

Rutgers University 

New Brunswick, New Jersey 


PREFACE TO THE FIRST EDITION 


This uttle book has been written with the object of providing those 
who wish to learn something about the s«bject*inatfer of physical 
anthropology with a brief means of doing so. The work is not a tcKt- 
book, but a general introduction to a rather young but enormously 
extended subject. Intended for the general reader, for tlxe student, 
whether he be medical or interested in the social or antluropological 
sciences, 1 trust (be work will also be found of value by students 
in the biological sciences, and finallv by physicians, and psycholo¬ 
gists. 

Physical anthropology is a very large subject; to c*o\'er it all ade¬ 
quately would take a work as large as the EncfjcJop(te{Iia Britiinnic^, 
and almost as many contributors to write it In the present modest 
volume ft has been possible to present only part of tlie subject-matter 
with which the science deals, and that, for the most part, in & general 
rather than a detailed manner. I have, howewr, attempted to do 
more than merely introduce the reader to the subject. I have en¬ 
deavored to give him a real grasp of the fundamental facts and prob¬ 
lems which it is necessary for an>T>ne to know who desires to under¬ 
stand man. I have not only set out those fads, hut, wherever possible, 
have also explained their meaning. 

The events of the last thirt>' years have made it abundjmtiy clear 
that, if civilization is to continue, scientific thought mu.vt increasingly' 
be applied to man himself. We stand badly in need of a saner dis¬ 
tribution of scientific interests. If men erf the scientific all ties 

of tlioio who today genenJlv enter such fickU us chtmiistry, mathe¬ 
matics, and physics, would apply their energies to tlu* stttdy of tho 
social and physical sciences of man wc should. I am ctun'inted, la* a 
great deal better off than we are at the present (jme- 

At the base of all studies relating to man stands phy^icul anthro¬ 
pology, the comparative science of man as u ph^-sical orgiinlsni in 
relation to bis total environment, social as well as pl^'sical- Those 
who are in any way concerned with the study of man do well to 
equip themselves with the facts it mokes available. In tlds \x)lumc 
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1 have endeavored to provide some of those essential facts and to 
interpret them. 

The book has greatly benefited from the critical reading which 
it received from a number of distinguished scientists, each one an 
emioeot and creative worker in the different, though related, fields 
of science with which this book deals. For this service I am most 
grateful to my colleagues: Dr. L. J, Angel, Jefferson Medicol Col* 
lege, Philadelpliia; Professor and Mrs. W. C. Boyd, Boston Univer- 
sityj Dr. P- B. Candela, New York Medical College; Professor D. S. 
Davidson, University of Pennsylvania; Professor Th. Dobzhansky, 
Columbia University; Professor W. K. Gregory, American Museum 
of Natural History and Columbia University; Professor A. I. Hallowell, 
Northwestern University; Professor M, J. Herskovits, Northwestern 
University; Professor E. A. Hooton, Harvard University; Professor 
C. Kluckhohn, Harvard University; Professor W. M. Krogman, Uni¬ 
versity of Chicago; Mr. R. M. Snodgrasso, University of Chicago; 
Professor J. H- McGregor, Columbia University; Professor M. Steg- 
gerda, Kennedy School of Missions, Hartford, Connecticut; Dr. A. S- 
Wiener, Medical Examiner’s Office, New York; and Professor Conway 
Zirkle, University of Pennsylvania. 

For all errors and omissions, and other deficiencies (of which I 
am conscious there are many), I alone am responsible, and it should 
be added that the readers of the manuscript named above should not 
be held responsible for views with which they may well disagree. 
Unless otherwise attributed these view are my own. 

M. F. Ashley Montagu 



“Never forget this when tlie Jellc is clever: 

Wisdom murt be bom m the flesh or wither, 

And sacred order has been always won 
From chaos by some burning faithful one 
Wliose human bones have ached as if svith fever 
To bring you to these Ingh triumphant places. 
Forget the formulas, remember men.'* 

^^AY Sarton* 


“Wlicn you are studying any matter or considering any 
philosophy, ask yourself only what are the facts aad what is 
the (ruth that the facts bear out. Never let yourself be di¬ 
verted either by what you would wish to believe or by what 
you think would have beneficent social effects if it were be¬ 
lieved. But look only at what arc the facts." 

Bertrano Russeu 
March JS59 


* Fmm the poem 'The Sacred Order," fay permission of the author and Bine- 
hajt k Co., from May Sanoo’s The ZAon and the Rom. 
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Chapter I 


INTRODUCTION 

PHYSICAL ANTHROPOLOGY: ITS SCOPE AND 
DEFESTTION 

Asthbopolocy is the science of man. the science devoted to the com¬ 
parative study of man a^ a physical and cultural being. The physical 
anthropologist st\idies mans physical characters, their origin, evolu¬ 
tion, and present slate of development, while the cultuial anthropolo¬ 
gist studies man as a cultural being in all the varieties which his 
cultures assume.* Both physical and cultural onthropobgy arc con- 
veniendy recognized as separate, though interrelated and interde¬ 
pendent subdivisions of anthropology which should ne^'e^ bo permitted 
to become too detached from one another. 

The task of the physical anthropologist is not merely to study man 
as a physical being, but to round out the picture of man from the hio- 

' is the description of Iho cultural char.icteristlo 4if u iwoplc. 

Zthnclosy is the historical recoostruclion of the culhiral r^hCoivships df h 
I> eoplo lo other peoples: the comparative study of culture. 

Socioi Anthropology is concerned with Ihe plxerwmeiu or wlture which onn 
be rummarized >o terms of generalliatioa^ or lews, which arc tme nf ell cultures 
In which a specKiu phenomenon :s n:amfes>ed. 

Soelefv denotes tlwt complex of fiiudamcnUlly ciioperativc inleractiorb nr 
inter-rolatiors which exist botwee«i and wnonp the niomlxm; of a ^ip. 

A aoerefy, as dUHncl fiwu >o<iety, is a group tbc inemher of whit b con- 
sciously or unconsciously tooperelc to maintaut a eomiiion life. 

By aoeW is meant all these Interactive rclall«jn'« between jndi^idun)s or gtor^ 
in which needs are satisfied. 

Culture U Ihe class of fhing#i u^d events, dependent ui»on thv syjnholjc prtww, 
conadered in aa extrasomntie context. 

A cuiture Is the parricular form which clsarartcnrcs (he learned, .dumd. jiitl 
transmitted social activities of a group. In this connetKon it will he helpful W 
remember that society is a generto lenn and tliat cult«uc is a spexles of society. 

Archaoloev is the ethnology and ethnography of tuhiircs which no Irtigir 
exlst-^t least in precisely the same form—ba.<od on lJu* study of, and iJifmTK*cv 
from, cultural produce and subsistence remains recovered by oxcovaUon and similar 
means. 
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logicaJ side which the cultural anthropologist endeavors to complete 
from the cultural side. 

Since man, in all lus variety, examined at any given moment, may 
he regarded as a complex of the effects of past causes and of the 
operation of present ones, it is possible to shidy him both from the 
historical and contemporary viewpoints. From the historical view¬ 
point the antliropologist as^: How did man come to be the kind of 
physical organism that he is. and how did be happen to develop his 
particular type of culture? From the contemporary viewpoint he asks: 
“What is the nature of the conditions whicli have made man what he 
is Itere and no^v in all his wonderful variety?” These, briefly, are the 
questions wluch, out of tlie great orbit of human inquiry, have fallen 
to the lot of anthropology for investigation and answer. 

To learn more or less precisely how much of the biological enters 
into the expression of any social process, and how much of die social 
enters into the expression of any biological process is one of the prin¬ 
cipal aims of physical anthropology. Hence, the physical anthropolo¬ 
gist must be sometliing of a social biologist. 

Man lives in a physical environment which varies in different 
lands and often in neighboring localities of the same lands. The sea¬ 
sons, sunlight, temperature, humidity, barometric pressure, rainfaU, 
water, soil, fo^, and a thousand and one otlier factors, are all to be 
taken into consideration in the study of the mental and physical de¬ 
velopment of man. Man, in short, must always be studied in relation 
to his environment, past as well as present. 

Man’s environments are cultural as well as physical, and cultural 
factors have undoubtedly played a role in the evolution of man and 
the differentiation of his varieties. 

Physical anthropology, then, is the comparative science of man 
as a physical organism in relation to his total environment, social or 
cultural as well as physical. 

Within the same ethnic group, and in different ethnic groups, 
striking differences may be present in skin and hair color, in hair 
form, eye color, stature, weight, and in numerous other characters, 
How did these different characters come into being, and what are 
the factors which account for their present distribution? 

The attempt to return an answer to such questions is again one 
of the most important tasks of the physical anthropologirt. Many 
methods have b^n utilized in this attempt with but moderate suc¬ 
cess. In recent years, however, a new instrument of investigation has 
become available in the form of the genetic methods of analysis. The 
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Figure 1. Edward Tyson (1$50*170S), Fether of Primetology, aulhor of 
ihe firet comparative anatomy of an ape, Onjng*C>ufaftg, Stot? Homo Syt' 
vcstrii, London, 1699. (From the portrait In the Royal Colleg* ^ Physicians, 
London, probably by Sir Godfrey Knellcr. Courtesy, Royal College of 

physicians, London.) 
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lD.cr^h|tLr 


Figure 2. Louis-Jean'Marie Daubenbn (171$>1799). Comparative anatO' 
rrist who, in addition to many fundamental contributions, provided much 
of the basic data for Buffon’s No^rd History. 
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application of such genetic methods to the solution of the problems 
of human variability has already made something of a beginning, 
and holds great promise for the future. Tltc investigation and analysis 
of the mechanism of heredity has steadily yielded valuable informa¬ 
tion concerning the individual as well as the species. By the use of 
genetic methods we may hope to solve the problems of the detailed 
causes of individual variation and the diversification of the diSerenI 
varieties of men. This involves the study of the biological variability 
of living populations. 

Our purpose in such studies is to draw up a reasonably reliable 
history of the origin and evolution of the human species and all its 
varieties, and ide^ly of each living person. This we can ultimately 
bope to do by breaking dovm in greater and greater detail each of 
the problems confronting us, not so much by investigating the end- 
effects of evolution, such as the shape of the head or the nose, or the 
color of the eyes and hair, as by investigating the causes which pro¬ 
duce diose end-effects. The question of questions which the physi¬ 
cal anthropologist asks is no less than this: \Vliat axe the causes 
which produced, and which continue to produce, man in all his va¬ 
riety? It is a powerfully big question, but can there be one surpassing 
or even equalling it in interest? Many of the answers to the questions 
asked must remain conjectural, for die simple reason that they refer 
to events which occurred in remote prehistory. Much of physical an¬ 
thropology is, therefore, devoted to the reconstructioo of events for 
whi^ the records, if aoy, are few and incomplete. The very incom¬ 
pleteness of the record makes this aspect of the physical anthropolo¬ 
gist's activities all the more challenging. 

Man is cm animal whose closest kinship is with the apes and 
monkeys, and with them he is classed in the mammaUan Order of 
Primates. Ihe study of the monkeys and apes is known as the science 
of primatohgy. While man is distinctly a primate of the primates 
it is convenient to apply the term primatology to the non-humao pri¬ 
mates alone. This is merely an arbitrary distinction for the purposes 
of convenience and no more. The study of man as a purely zoological 
species may be recognized as the science of humm* biologi/, to be dis¬ 
tinguished from social biohgy. the study of the interacting social and 
biological factors upon the development and fimctioning of man as 
an organism. Primatology Is fundamental to the study of hximan bi- 
obgy. The study of die anatomy, physiolog\', and behavior of non- 
human primates throws an invaluable light upon the evolution of 
man. Without the knowledge obtained from these studies we should 
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Figort4. WiHiam Uwience (1783*1867). Anatomist. sujs«on. and phya- 
cal anthropologist whoso Lecture on PhifUology. Zoology, and the Nerttjnsl 
History of Man, first puhlishod at London Id 1322. is one of the great 
classics of physical anthropology. 
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Figure 5. James Cowles Prichard (I786'1648). Physical anthropologist 
ond alienist A\ithor of the celebrated work Rsaeorches in<o the Physical 
Hisfanj of Mankind. London, 1813, and The Naiural History of Man. 

London, 1843. 


be virtually wholly io the dark cooceming the pre-human history of 
man. Hence, primatology is an indispensable part of the equipment 
of every physical anthropologist. 

Hot only is the sKidy of the IiviDg primates a necessary division 
of physical anthropology, but equally important, in another way, is 
the study of extinct or fossil primates which are ancestral or re¬ 
lated to those living today, and which flourished many millions of 
years ago, long before the appearance of man upon the earth. This 
constitutes the study of primate paUontalo^. 
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Primate paleoDtology nect?«itates some knowlec^je of general 
paleoatology, but particularly of stratigraphical geology and tlie vari* 
ous geological eras and periods. An important aspect of such knowl¬ 
edge is the study of prehistoric cUmatic changes and their effects 
upon the ecology • of man s precursors, and later upon man himself. 
This branch of knowledge, which is only just begmning to be the 
subject of inquiry miglit be called geoecohgtj. The related discipline, 
geochroriohgi/, deals with the time-scales of man’s prehistory. From 
primate pale^tology to the study of prehistoric man, through his 
fossil remaios, we are brought to the earliest history of man himself. 

It is the principal ambilion of the physical anthropologist, in his 
studies of prehistoric man, paleoanthropology, to trace the origin of 
mankind back to tliat non-human primate stock from which he 
emerged, and then from that stage to trace the evolution of man, in 
his different varieties, up to the present time. As we sliall see m later 
chapters some progress has been made during the last forty years 
towards the realization of this ambition. 

The proper evaluation of the status of tlie remains of fossQ man 
in the evolutionary reticulum demands a good knowledge of human 
and comparative anatomy, including embryology or d^elopmental 
anatomy, and die anatomy and physiology of growth. 

From the study of our prehistoric ancestors to the study of the 
origins and relationships of the ejdsting varieties of man is but a 
logical step. Very gradually we are beginning to untangle the strands 
which have entered into the evolutionary pattern of our species, 
and fhere is every reason to believe that we shall seme day bo able to 
provide a fairly complete account of the elements and conditions 
which, as vital dynamic reticulate processes, have gone into the mak¬ 
ing of mankind. 

The study of the existing varieties of man is generally knosvn as 
the study of race. But since this term has become more closely iden¬ 
tified with social pathology rather than with scientific usage, modem 
physical anthropology is beginoing to devote more and more atten¬ 
tion to a re-examination of the meaning of this and related terms in 
the light of modem knowledge, and to re-study and analyze the 
varieties of man, in order that the real significance of such differ¬ 
ences as they exhibit may be properly interpreted and clearly under¬ 
stood. Anthropology regards as unscientific and vicious the view that 
there can be one kind of history for ourselves and another kind for 

* EcelPtr is the science of tbe relsUoos of plant and animal communities, to 
surroundings, animate aod Inanimate. 
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Figure 6. Charl«5 Darwin {1$09-I3d2). At th« age of 45. Author of The 
Orifiin of Species, 1S59, This photograph was taken in 1854. (By permie* 
eion of the British Museum (Natural History).) 
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Figure 7, Thomas Henry Huxley (1825'1^95). Comparative au.ttuinut 
whose Mans Ttece in i^ature> London, 1863, ami niunerous otlier wrUIngx 
place him in the forefrcHit of 19 ih Ceiitnry physical anthvr>pologjsts- 
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Figure 8. Pierre Paul Broca (1$24-I880}. Neurosurgeon aod physcul 
;int)iropologlst. Founded the first antbiopological society in Europe at Paris 
in 1$59. (Photo, Courtesy Mus^ de iTloniine, Paris.) 
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Figure 9. Alfi'ed Cort Kaddon (1&55*1940}. CuUural and ph^'skul andiro- 
pologist. Holder of the first chair In anlhnipology at Cambridge Ujuversity. 
(From the portrait by Philip de Lo$zlo. Cmiitesy, University Museum uf 
Archaeology aud Ethnology, (^tmbridge, England.) 
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Figure 10. Karl PearsMi (lS57-19$d). Principal founder and most distin¬ 
guished worker in the modem school of biometrics. (From e. pencil dravdng 
made Jo 1924 by Miss F. A. de Biden Footoer. Courts, Cambridge Uni¬ 
versity Press.) 
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Figure II. Frenz Boaj (]g56-ld42). Cultural and physical aothropdogist. 
Founder of t])e American s^iool of aothropology. (Courtesy, Dr. Ernst 

Boas.) 
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Figure 12. Sir Arthur Keith (1886-1955). Anatomist and physical anthro¬ 
pologist. Author of The AntiQuiltj of Man, London, 1925. (Photo by J. B. 

MiUer.) 
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Figure 18. Robert Mearits Yerkes (1676-1956). Psychologist^ psychobiulo- 
gist, and student of the comparative behavior of the aiithrcpoids. (Prom a 
painting by Clarence A, Brodeni. Courtesy, Yale University.) 
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Figure 14. William King Gregory (b. IS76). Paleontologist, comparative 
ojutomist, sod primataio^t. (Prom a painting by Chaika G. Chapman, 
N.A. Courtesy, Americun Museum of NaturaJ History,) 
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other peoples. It is, indeed, thiongli the bold and untiring labors 
of anthropologists that the great tmth has been discovered that the 
same evoIuHooary principle Jmve tfoi’emed the develo^ent of all 
men, past and present, and that such differences as the easting va* 
riedes now exhibit are not of a kind which, upon imy sciontific sys¬ 
tem of biological or ei'cn social \-aIiie5, would justih' any one of them 
being distinguished as biologically superior or inferior to any other. 
If physical anthropology had achieved nothing else, this discovery 
alone would forever have justified its labors, for tbc concept of the 
natural unit}' of mankind provides a firm basis for the conception of 
the social unity of mankind, a concc}>tiou which may some day 
be universally realized. In this connection, however, it should be 
clearly understood tlmt equalitj' of opportunit}* and equality in law in 
no way depend upon the concept of tlie natural unity of mankind, 
but rather that such equality dei^ends upon Iho ethical principle which 
holds that by virtue of their humanity all human beings arc entitled 
to equal rights for the realisation of their potentialities. 

Hence, physical anthropology has an important contribution to 
make towards the improvement of the social order. Tins is not simply 
because of the grandeur of the story it has to tell, but by virtue of 
the very appredahle contribxition it makes to tho better understanding 
of ourselves and of our fello'v men, in a world in which such under- 
standing is not too widely distributed. Furtliermore, tlie value of 
physical anthropology for tho analysis and ability to direct growth 
and development of the individual here and now cannot be ov'Or- 
estimated, not to mention the promise wlucli science holds for the 
regulation and direction of human evolution in the future. 

Writing in 1689 to n young man (A. C. Haddon, seo Figure 9), 
who later became a distinguished ontliropologist, T. H. Htirley (see 
Figure 7), penned the following words: 

"1 know of no department of natural science mote likely to re¬ 
ward a man who goes into it thorouglily than anthropology. There 
is an immense deal to bo done in the scienee pure and simple and 
it is one of those branches of inquiry which brings one into contact 
with the great problems of humanity in every dirc'ction," 

These words will always remain tnie, just as the service of the 
physical anthropologist to humanity will, among other things, always 
be to show that the proper study of mankind is to discover man us 
a human being, no matter what the texture of his hair, the color of 
his skin or the shape of his skull. 
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chapter II 

THE PRIMATES AS A ZOOLOGICAL GROUP 

Warm-blooiied animaJs possessing a foitr-chambered heart, breath* 
ing by Uings, exhibiting a growth of hair over the body, and which 
suckle their young, are distinguished by taxonomists as belonging to 
the Class Munmalia. Within this Class eighteen living Orders of mam- 
maJs are recognized. The two most important for our purposes being 
the Order Inscctivora. which comprises the European hedgehogs, the 
shrews, and moles, and die Order Primates which comprises the le¬ 
murs, tarsiers, monkeys, apes, and men. 

Zoological classifications are based almo.st entirely upon structural 
characters, and tlicse characters are of such a nature in the lemurs, 
tarsiers, monkeys, apes, and men. as to lea\-e no doubt about their 
common membership in the Order of Primates, Realizing this, Linn¬ 
aeus, in 1758, took the bold step of putting tliem aU into the same 
Order, a decision which subsequent researchers have fully justified. 
In giving this Order tlie name Primates, Linnaeus meant to suggest 
tliat the animals which it embraced ranked first in the order of im¬ 
portance of all the creatures of the animal kingdom. This, of course, 
is a purely anthropocentric view, to which tlie members of the rest 
of animated nature, could they be lioard upon the subject, might 
demur. Certainly Linnaeus’s bestowal of the term “sapiens,'’ upon 
mao. Homo sapiens, “man the wise," has not yet been fully merited, 
though in bestowing it Linnaeus had in mind the powers of discrimi* 
nation and judgment in which man so much exceeds the rest of the 
animal kingdom. 

It is, however, one of the merits of tlie study of our evolutionary 
history and genealogical relationsliips that it teaches us (hat there is 
hope for even such a sadly misunderstood, and misunderstanding, 
creature as man. Bearing this in mind, let us attempt to trace the 
story of his emergence into the world, for the problem of his origin 
is the principal reason for our interest, in this chapter, in the non¬ 
human primates. 



Figure 15, Tree^shrew. Philippines, (Courlesy, Dr. Ralph 

Buchsbaum.) 


THE ORDER OF PRIMATES 
The Tree-Shrews 

Before proceeding with (he description of the primates it is de¬ 
sirable to give an account here of a group of animals which stands 
at the base of the primate stem, and which many modem authorities 
would include within the primate group, but which other zoologists 
continue to describe as the oriental tree*shrews of the Order Insecti* 
vora. Tliis group of tree*shrews is very squirrel-like in appearance, and 
comprises the single living Family Tupoudae, including two sub¬ 
families, of which there are six genera, some 32 species, and about 
IDO subspecies. Wliile the tree-shiews are all arboreal to a varying 
extent, they are not nearly as much so as was at one time believed, 
the smaller species being more arboreal than the larger ones, the 
latter generally inhabiting tiie undergrowth in the bush or the lower 
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branches of tixe trees. Almost nil h‘oc*sl)rt‘ws» Ixowtver. spend most 
of their time on the ground. The smaller species (such Jis Tupaui 
minor) appear to be orepuscuUu- or noctumnl anunsis, while the larger 
(e.g., Tupaia ferruglnea) are diurnal in their habits. Tixe tj'pical den¬ 
tal formula for the group i$ 1% C^U PM Tlic manus 

(hand) and pes (foot) are adapted fcjr grasping, and both pollc.t 
(thumb) and hallux (big toe) show sojne degree of opposition to the 
other digits for die purposes of grasping. All die digits are provided 
with sharp curved claws. In the early OUgocene tupnioid Anagal6 
gobiervU, discovered in Mongolia, the teiminal phalanges of tlie fingers 
were provided with claws while those of the toes were almost ceitainly 
furnished with nails. 

Tlic tail, which is not prehensile, is used as a balancing organ, 
and Is wholly bushy or close-haired in tlio jmhfanhly Tiipaiinae, the 
hairy-tailed tree*shrews, and nake<l but tufted at the itTininal portion 
in the Ptiloccrcinae, tlie [wn-tailed trcc-shrcws. 

The skull boars a remarkable rosembTance to that of the lemurs 
(see figure 52) although the orbits are directed rather more laterally. 
US in the iDSCCtivores proper. As in the lemurs, the rhinarium or ex- 
temal nose is naked, moist, and glandular, and tlie commencement 
of the tear duct is situatwl outside the orbit on the face. 

Tbc average numbers of vertebrae are 8e\'en cervical, 13 thoracic, 
six lumbar, three sacral, and about 25 eaud.il {tail) in die Tupniiiiae, 
and seven cervical, 14 thoracic, five lumbar, tliree sacral, and about 
32 caudal in the Ptiloeercicae. 

The brain is of primitive form in tlie pen-tallcd tree-shresvs. and 
though of somewhat more complex form In the hairy-tailed tree-shrews 
tlie advance is very slight. In both subfamilies the olfactory lobes 
are well developed, though in compiirison with other insectivores some¬ 
what reduced In TujMia. A sliallow xylsian fissure is present in Tupala. 
Tlie occipital poles of tlie cerebral hemispheres fail to overlap all but 
the most anterior parts of tlie cerebellum. 

The diet of tree-shrews is largely insectivorous and partly frugi- 
vorous, but in fact they are omnivorous oncl will eat anything that is 
digestible. Pregnancy lasts about five months, and two young usu¬ 
ally, sometimes one. and sometimes four, are bom at a birth. Tlicre are 
from one to three pair mammae at which the young are suckled for 
* lo the dcQtaJ formula the lettot I, C, PM, and M «tand inebors, canine?', 
premolais, and molait respectively. The munbeis above the lino refer to one side 
^ the upper /aw, the numbed below the line to one side of the lower jaw. Tho 
opposite side is, of course, ideotical. 
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several months. These animaJs appear to breed throughout the year, 

The tree*shrews live in small groups or in pain> and build their 
nests in hollow bamboos or fallen timber on die ground. 

Tree*shrew8 sire very lively, extraordinarily inquisitive, and re« 
maricably intelligent. 

A synoptic classification of the tree-shrows follows: 

Sxnop&is of the Living Troc-Slimn 
SUBORDER TUPAIOIDEA 
The Oriental. TaaB*$Ki»f:w& 

FAMILY TUPAIIDAE 

SUBPAMU.Y TUk^AlfWAe 

The ha{ry>Uiled tree-shrews 

Genus Tupflia. Malaysia. India, Burma, and China (15 species, 74 subspecies) 
Genus Anath/ina. Indian Pcnin«ii]a, Soudi nf Canges (S species, 3 subspecies} 
Genus Dendrogale. Borneo, French indo-China (3 species, 3 subspecies) 
Cenus Tana. Borneo, adjacent islands, and Sumatra (9 specie^, 16 subspede) 
Genua Uroguie. Mindaiuo, Philippine Islands (1 species) 

S\/B?AMfLy PriLocRparTAs 
Tbc pen*tailed tree^hn;>w 

Cenus Pttlocercus. Borneo, Suntotra, and Siiuthem Malayda (1 species, 2 sub> 
species) 

It will be noted from the above synopsis, and from otliers which 
are given in the following pages, that while sometimes used with 
suborders the names of superfamilies terminate in tbe letters “oidea,'* 
the names of families in “idae,” and the names of subfamilies in "inae.” 
Names of genera are given as proper names without adding any con¬ 
sistent termination to the stem, and in tlte Linnaean system of classi¬ 
fication in universal use the name of die species follows the generic 
name. As a rule only the names of genera, species, and subspecies 
are written in UaUcs. Tlie name of the geuus is written beginaing with 
a capital letter, but the name of the species is written in lower case, 
as for example, AteJes p^niscus chamek, or Homo sapiens nsander- 
thalensis. The scientific designation of animals is uninominal (one 
name) for subgenera and all liigher groups, binominal (two names) 
for species, and trinominal (three names) for subspecies- 

It has already been remarked that die tendency among many mod¬ 
em authorities is to class the tree-shrews with die primates as the 
most primitive members of the order. But precisely bow they are 
to be situated within the order is a matter which is still under de- 
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bate. Wood Jones regards Ihc tree-shrews as primitive lemiii?, ond 
unites them and the lemurs in a single group wliich he excludes from 
the assemblage of the primates. Carlsson. Le Gros Clark, and Simp¬ 
son class the tree-shrmvs together as mcmlwrs of the lemuriform series 
within the primate order. But os Straus has pointed out, the funda¬ 
mental differences between the tree-slircws and tlxe lemurs in such 
characters as placentation, the diondr(>;'r,'ininm (the cartilaginous 
skull), ankle and wrist hones, musculature, viscera, und man^* other 
features, render such jointures of these gtenips oiwn to serious ques¬ 
tion. Straus suggests that the tree-shrew's are best treated as consti¬ 
tuting a separate primate suborder, tlie Tiipaioidea, distinct from all 
other suborders of the primates. 

The closest affinities of tlie tupaioids >ire with the lemurs of Ma¬ 
laysia, the many lemut-Iike characters of the tupaioids suggest that 
these ^ve^e acquired after the line leading to the primates had be¬ 
come distinct Tills line, in turn, arose from some inscctivoroiis pre- 
ptimate. The appreciable numl^er of lemtir-like characters of the early 
Oligocene tupaioid Anagalf suppoits the suggestion that the tupaioids 
arose from primitive lemuriforms, slightly diverging from die lemurs 
proper while retaining most of tlieir ancestral characters. 

The tupaioids would, dien, nppe;u’ to lielong properly witliin die 
order of primates as a distinct suborder, the Tupaioideu. Since, how- 



F^re 16. AmgaU gobtensis, an Oligocene Tupaioid. (From Simpson, 
Couxteey, American Museum of Natural History.) 
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ever, Is a view wliich has not generally achieved complete accept* 
ance we shall proceed with the description of the primates according 
to the conventions prevailing at the present time. 

General Description of the Primates 

The Order Primates embraces the lemurs, tarsiers, monkeys, apes, 
and man. Tliese forms share the following features: relatively large 
and complicated brains, hands and feet prehensile or clearly derived 
from the prehensile type; the presence of a clavicle (collar-bone); 
free mobility of the digits, and opposability of either the thumb or 
big toe or both; flattened nails instead of claws on some or all fingers 
and toes; die presence of, as a rule, only two mammae. 

Our present purpose in studying the non-hiunan primates, as well 
as man himself, is to throw light upon the pliysical and social evolu¬ 
tion of man. Even if the fossil record of the ancestry of man were 
complete—which it is not—It would sHll be necessary to study the 
hving primates for the very good reason that while the fossil record 
yields us the bones alone of dead animals, the existing primates yield 
all the Imowledge that we arc capable of gleaning from living animals. 
Dead primates enable the primatologist to make detailed studies of 
their anatomy, so that this may be compared and evaluated for what¬ 
ever light such comparisons may throw upon the significance of vari¬ 
ous characters in any or all of the primates, and upon tixe evolutionary 
relatimisbips of tliese animals to one another, to earlier forms, and to 
man past and present. It may at once be said that such studies have 
richly fulfilled the purposes for which they have been undertaken, 
though a vast amount of work sdll remains to be done. 

As many as 600 species of living primates, not counting syno¬ 
nyms, have been recognized by D. G. Elliot in liis A Review of the 
Trimates (1913). Tbcre can be little doubt that the true number is 
very considerably less. Sanderson, in his The Monkey Kingdom ( 1057) 
gives 244 species and 752 subspecies, grouped into 80 genera. The 
primates as a whole exhibit a high degree of morphological variability. 
This fact taken together witlx a mid-nineteenth century species concept 
which was for the most part based on the study of skins and skeletons 
in museums led to a regular orgy of classifleatory speciadon. Differ¬ 
ences were sought rather than likenesses, and more and more refined 
morphological distinctions between groups were recognized. A single 
small difference, such as a darker ring of hair on the tail, was sometimes 
considered a sufficient peg upon which to hang a specific difference. 
The excesses thus committ^ led to the creation of numerous species in 
every animal group. Today careful field studies and analyses of their 
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findings by biologists with a fuller understanding of the nature of variu* 
don than the nineteenth century taxonomist coxtld possibly hnw pos* 
sessed, have been responsible for something of a reversal of this 
tendency. 'Tlie “splitters* make way for tike “lumpers.” 

Linnaeus s rather static morphological conception of a species 
underwent a considerable enlargement in the nineteenth century as 
a consequence of tlxe publicadon of Darwin’s epoch-making Origin 
of Species (1659). It was not, however, until ^ first half of this 
century, witlx tlie development of the science of genetics and the 
refinement in our understanding of the processes of speciation which 
this brought us, that we have been able to approximate a biologically 
sound conception of a species. 

To tike modem biologist a species is a more or less temporary 
eddy in tlie stream of evolution. A species is not a fixed, static, sharply 
delimitable group, but a more or less definable result of the process 
of spedation. This process is to some extent observable in the re¬ 
sulting variation presented by geographically but not reproduclivcly 
separated groups. Such groups were formerly described as species, 
today they are recognized as geographic variant representatives or 
types of a single species, that is to say os representatives of a single 
pohjtypic species. Some si>ccies are moitoiijpic, meaning, all thoir 
members closely resemble one another, Monot^pic species generally 
occupy a limited range, and since there is an absence of geographic 
barriers there is no opportunity for reproductive separation and 
hence geographic variation, Wliether a species is polytypic or mono* 
typic can only be determined when populations are studied with 
respect to their variability, their geographic distribution, and their 
reproductive relationship to other groups. Few such studies have yet 
been made on the primates, btit there can be no doubt that most pri* 
mates are members of polytypic species. 

A species may be defined as a group of actually or potentially 
interbreeding natural populations, which is reprO(hK*tivoly isolated 
from other such grotips. Tike actiuilly or potentially interbreeding 
populations may be recognized as suhspocics or geographic races. 
It should be borne in mind that a species is not a fixed imnuitablo 
or unvarying group, and that the concept of a species is a relative 
and subjective one, the reabty is the component individuals oonsfi* 
hitiog the common gene pool. 

Cl8S»iification 

It has been well said that the principal purixjse of cla.ssification 
is to provide a simple practical means by which students of any 
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Figure 17- Miwtic cbromoiomes of representative specte of four platyr- 
rhine genera. The chromosomes are arranged by paired homoJogi end in 
order of size. (From Bender and Mettler. Courtesy, 5tWnce.) 


group may know what they are talking about and others may find 
Out. It is with this end in view that the following revised classifica¬ 
tion is offered, 

Two suborders of the primates are recognized, the Prosimii and 
the Anthiopoidea, TTie Prostmji include the tliree inftaorders Lemim- 
formes (Madagascar lemurs), Lorisiformes (African and Asiatic le¬ 
murs), and the Taraiformes (Malaysian and Philippine tarsiers). The 
Anthiopoidea embraces the monkeys, apes, and man. 

T^ suborder Aathropoidea is divisible into two main series, and 
three superfamilies, Tlje New World Monkeys comprise the series 
Platyrrhini (as"broad" + “nose”) and constitute the superfamily Ce- 
boidea. The Old World Monkeys comprising the supcefamily Cerco- 
pithecoidea, and the apes and man comprising the superfamily Hoinl- 
ooidea, constitute the series Catarrhini (= “down-pointing” 4 - “nose"). 
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In the PUtyrrliioi the nostrils ere generally separated hy a reUttvdy 
broad external septum and tend to be directed forwar^ ^d si^ 
wards and almost vertically paiallel, while in the Catarrhjnl the sep¬ 
tum is generally quite narrow, the nostrils tending to U 
sUehlly more downwards and to assume a form (see Figure p). 

The apes together with man are often refcned to as the Anthro- 
pomoipha as a synonym for the supcrfamily name of Hommmdea. 
The monkeys may be distinguished from the Prosimu on the ^e hand 
and from die Anthropomorpl.a on tlie otlier by the Pithecoidea, 
without, however, recognizing them as a separate infraoider as the 

term might suggest. . i • o' ku t 

Chromosome numbers in the primates are listed m table 1, 

It may assist the reader to have tliis classification set out m sche¬ 
matic fom. (See below and Table II.) 

ORDER PRIMATES 
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For the purposes of convenience one may speak of the pro^ian 
group or of the prosimians, the pithecoid groups, the anthreiw- 
moiphous group, and the platyrrhine and catarrhine series of the 
primates. 

Each suborder is divided into families, and the latter are some- 
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Figure 20. Galago or Sush fiftby (Gclaga crosficcudaius). (Photo, New 
York Zoological Society.) 


tunes further subdivided into subfamilies, these or the families are 
still further subdivided into genera, and the latter into spedes, species 
into subspecies or races, and the latter sometimes into dines and 
habitat fonns. 

All the living primates, save man, axe limited to the tropical conti* 
nents, to the Oriental, Ethiopian, and Neotropical (South American) 
regions. Man s habitat is the whole earth, and he now seeks to con* 
quer extra-terrestiiai space. 
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PBOSIMII. The Lemuriformea and Loriszfnrme$ 

The lemurs are the most primili\'e of the evicting priinnfes; they 
are small creatures. tl)e smallest, die mouse lemurs {Cheiwf^te}, is 
only about four indies in body Icnglli; the largest, the cnclrinas (huhi), 
attain a body length of about 24 indies. Lemurs look not unlike 
squirrels with foxdike heads, Tlicre are five families, including some 
18 gener<v about 34 spedcs. .and about 100 subspecies. Morpliologi- 
cally the suborder exhibits a considerable range of Viuiabilih*, The 
lemurs are almost entirely arboreal creatures, and are mostly noc¬ 
turnal in dieir aedvides, a fact which seems to be ossociatetl AAitli 
tlicir rather large eyes. Tlie hands and feet are adapted for grasping, 
and the thumb and big toe are characterized by a high degree ^ 
mobility. All the digits of the hand and foot, wldi the exception of 
the second digit of the foot, which bears a sharp curved claw, are 
provided with flat nails. The typical dental formula is 1 C i i, PM 
M %, diough in the family of Indriidae this is modifled to I C 
PM %, M %. In the typical lemurs, the anterior teeth in the lower 
jaw are procumbent, the incisors and canines being situated io a row 
at the front of the jaw; these are separated by a wide gap fion^ Ihe 
first premolars which are rather canine*like in form. Tltc tme enniues 
are so much like incisors that many aiithorities have described them as 
such. The tad is not prehensile, but when funcllonol is used as a bal¬ 
ancing or stabilizing organ. 

A unique and extraordinary lemnroid is the “aye-aye" ( Oauhen^ 
tonia) of Madagascar, Not only are all the digits, sav^ the big toe, 
provided with claws, but this unusual primate has incisor teeth which 
continue to grow as they wc.or, a characteristic u'hich it shares with 
the rats and other rodents. The dental formula is l’,i, C%, FM^^. 
M a total of 18 teeth. Furthermore, the third finger of each hand 
is elongated and thin and is used in .skewering grubs, the favorite 
food of this peculiar species. 

The jaws in the lemurs arc generally elongated in a fox*likc muzzle, 
but it is in the possession of tlie typical rhiuarium end crescentic 
nostrils of less specialized mammals that the lemurs exhibit tlwir truly 
primitive character and difference from all other primates. In other 
words, the rhioarium or skin around the nostrils is abnost ex^ictly like 
that seen in the dog or cat. Instead of completely ringed nostrils, llier<‘ 
are two crescentic slits, and the surrounding skin, as well as the middle 
part of the upper lip, is naked, moist, and glaiiduhir, A septum on the 
deep surface binds tlie lip to the gum of the upp^ jaw for almost thu 
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whole of its length, a feature which determines the lemuroid medwd 
of drinking by lapping instead of sucking. 

The commeacement of the tear duct is situated outside the orbit 
on the face, but as in all otl^er primates it opens within the nasal 
cavity- 

In the skull there are many primitive mammalian features, such 
0 $ the presence of q large palatine hone in die inner wall of die orbit, 
die general absence of an external auditory meatus, the complete 
absence of a post*orbital wall—rendering the orbit and the temporal 
fossae (the regions below the temple) con£uent; the orbits, though 
directed somewhat laterally, have eyeballs mounted in them in a 
manner such that the eyes look forward and not to the side, a dis¬ 
tinct advance upon the condition encountered in the insectivores. The 
inner ear preserves the lower mammalian character in the presence 
of an auditory buUa, a large, spherical, infated cliamber on die base 
of the skull within which lies the tympanic ring, which in the catar* 
rhini assists in forming the external auditory meatus. 

The lorisiforms differ from the lemuriforms in several distinctive 
ways. The fonner tend to be smaller, liave larger ears, and larger 
eyes. In addition, they are more or less tailless, are slow-moving, 
and have a rudimentary or completely reduced index-finger, and a 
reduced second toe to which a long cleaning claw is attached. PoUex 
and hallux are relatively larger than in man. 

The Potto (Peroiliclicus). the size of a small cat, is characterized 
by a unique specialization, the spines of the last cervical and the first 
two thoracic vertebrae project through the skin and are capped by 
homy spines. This cmioiis structure constitutes a formidable defense 
against any attacker. 

The Bush Babies ( Galagidae ) ore about the size of a ret, and are 
characterized by the possession of long bushy tails, short muzzles, 
large mobile ears, and enormously elongated ankle (metatarso-tarsal) 
bones which make them among the most remarkable jumpers among 
the primates. The dwarf bush baby (Galagoid^s), for example, which 
nestles easily in the palm of a man's hand, can leap a dozen or more 
feet upwards or in any dirccttonl The bead can be turned around so 
that the nose is in line with the vertebral column. The digits of the 
hands and feet are slender and long, and the well developed pollex 
and hallux are widely opposed to the other digits. The pelvic limbs 
are much longer than the pectoral. 

^Vh^e the lorises are unable to leap, and climb by hand over 
hand motion, the galagoes progress by rapid saltation. 
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The cumber of cervical vertebrae regularly is seven, whereas the 
of postM?ervicaI vertebrae exhibit groat generic variability 
(SohuJte and Straus). The thoracic verlcbrae range fiom averages 

Hai>clctitur. Lepikrnur. LichoMtus) to 
16 (Nycttce^s); the lumbar vertebrae from six (Galaso) to nine 
{Lepll^ury, the saaal vertebrae from tliree (most genera) to six 
{ Ni/cticebus, Perodklictis); and the caudal vertebrae from five ( Loris) 
to 28 (Hapaiemur). ' 

Compared with diat of other mammals of the same body size the 
bram is relatively large; tlte olfactory parts are. however, well de¬ 
veloped, and the cerebral hemispheres are so small that they fail to 
ewa a considerable part of the cerebellum. The fissuraHon and gyri 
the cerebrum are of the simplest type, and tlie visual area of the 
bram approximates in structure more nearly to that of the lower 
mammals than to that of the apes. 

A synoptic classification of the lemurs follows 

Syoopsis of lli« Living Lemurs 

SUBORDER PROSUkili 

lNFRAoai>^ LntuiUFcmMzs 

The Lemuir of Afadagasesr and the Cnmnro Islands 
The Malagasy Lemurs 

I FAMILY LEMUMDAE 
SrSTAMlLY Lsmvkoiax 

Genus lemur. The true lemurs (6 species, 15 sulwpecles) 

Genus Hapatemur, The gentle lemurs (2 species, 3 subspecies} 

Genus LeplUmur. The weasel and sportive lemurs (S speefes, 2 subspedes) 

SvBFAMlLr CireiBOCALEEHAB 

Genus Chcingalcus. The dwarf lemon <3 8peele<, 7 subspecies) 

Genus Kiicrocebus, Tlic mouse UiTmr> (2 spalw, 3 subspecies) 

Genus Pluncr. The foTk-CKiwne<l dwarf lemur (1 species, I subspedes) 

II. FAMILY INDRIIDAE 

Genus Indrls. The endrinas 11 spedvs, 1 subspecies) 

Genus FropitAecus. The slfakas (2 species, 10 subspecies) 

Genus Aeshi. The woolly dvahi (1 species, 1 subspecies) 

m. FAMILY DAUBENTONIIDAE 

Genus Davberaortia. The "aye-aye" 
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S)^pQS of Living Lorlses 
SUBORDER PROSIMII 

iNrAAORDEM Lfllllblt’OIMES 

The Lenuirs of Africa and A.da 
Tike Non-MflIiigfLsy Li'inun 
I. FAMILY LORiSIDAE 

SCU?AK(ILr LoK191KA£ 

Ccniik I^ris. The elcnder lorii; (Ceylon and Son (hern India) (1 species, 
d mbspecics) 

Genus Syct!cehtu. The slow loris (Sastcm India and Malayn) (L species, 
10 subspedcs) 

Cemis Arctoeebiu. The angwantibo (West Africa) (I specie^ Z subspecies) 

Genus PeroJicUcw. The petto (Sierra Leone and die Gaboon) (1 species, 
5 eubspeclee) 

II. FAMILY GAXACIDAE 

SUDPAMTL'Y CaLACIKAB 

Genus Galago. Typical biub babies (Ease Africa, Senegut, Znnabnr, Fer¬ 
nando Po) (3 speciOK, 21 subspecies) 

Genus Euotieur. Needle-clawed b\ish babies (West Africa, Fernando Pn) 

(2 species, 2 subspecies) 

Genus Ctolcgfiidcs- CKvaif bush babies (Senegal and Centml Africa) 

(1 species, 7 subspedca) 

It bos already been remarked that the lemurs arc almost exclu* 
sively arboreal creatures, that they are mostly nochimal in their ac* 
tivities, and spend the greater port of the daylight hours in sleep. 
Interestingly enouglr, there seems to be an association between sleep* 
ing habits or waking activity, size of eyes, body size, and social habits, 
for the small lemurs are those whiclx are most definitely nocturnal, 
have the largest eyes, and are given to living in sm^dl social units 
or in family groups. The larger lemurs, on the other hand, are fre- 
Quently C|uite active by day or in twiliglit, have small eyes, and more 
often tend to live as members of a community of dieir own species. This 
suggests that increase in body size may have been a prepotent factor 
in releasing the early primates from their nocturnal or crepuscular 
habits, by enabling them to hold their own against most aggressors, 
and that d)is further led to the development of more extended social 
relations with animals of their own species. Id practically all animals 
that are habitually noctiunal the eyes are large. All nocturnal pro- 
simia are cliaracterized by the possession of a tapetum oellulosum, 
an irridescent layer of cells in the choroid coat of the eye, which is 
responsible for vivid eyeshine in the presence of light. 
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The diet o£ lemurs is vuried. Most nre lurgelv frugivorou*. Maiiv 
eat both animal and vegetable foods. The Indriidae arc jmn.arih' 
leaf eaters, while the Lomidae and the “aye-ayc" ;ire mainlv insec- 
dvorous. 

Lemnrs do not menstruate. Pregnanty lasts about five months, 
and one young is usually, though nvo arc not infrequently, bom at 
a birth. The infant is suclled for alxnit six months, and tlie voung 
generally cling in a horizontal position across the lo«-er aUlomen 
of tJje mother. The Malagasy lemurs (and probably tlie galagocs) 
would appear to have a circumscribed breethng season falling be* 
tweea March and the end of June, with a peak in mid-April. TJie 
lorises probably breed throughout the year. 

Since a fovea and a macula—the small pit in the yellow spot of 
the retina, and the yellow spot itself—are absent from the retina in 
all lemurs these animals are believed to be incapable of stereoscopic 
vision, and there is also some evidence wliich suggests tliat the lemurs 
are only feebly, if at all, capable of color vision. 



Figure 21. Slow Loris (Nycticehiis tardigradut). (Photo, courtofw of lute 

Dr. Charles Hose.) 
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Lemurs appear to be quite incapable of f&da] expression. 

Unquestionably the living lemurs represent a most primitive branch 
of the primates, but each of the existing kinds of lemurs is charac¬ 
terized by specializations of its own> a fact which very definitely re¬ 
moves the infraorder as a whole from the direct line of mans an* 
cestry. 

The XarsiiforRies 

The Irving tarsiers axe represented by possibly three species, Tar- 
9tu£ spectrum, of Salayer Island in Celebes, northeastern Celebes, 
and on Peleng Island of its east coast; Tcrsius bacanus, of southern 
Sumatra, Borneo, Banka and Billiton Islands, and on the Natuna 
Islands in the South China See; and the Philippine tarsiers, Ttzrsws 
stffichta, of Samar, Leyte, Bohol, and Mindanao. 

Synopsis of the Living Tarsieis 
SUBORDER PROSIMII 
iNTItAOanER TxASlirOftMES 

The Tarsiers of the Malay Archipelago, Celebes, and the Philippines 
I. FAMILY TABSUDAE 

CeDos 7’orsiitf. The larsler (possibly 3 species and 12 subspecies) 

The adult tarsier has a body length of about S inches, a long tail 
the under portion of which is relatively bare and tufted at the tip, 
opposable thumbs and big toes, with nails on all digits excepting 
the second and third of the feet which bear daws. The leg bones, 
the tibia and fibula axe fused together at their lower ends. The feet 
are very long owing to the remarkable elongation of the heel bone 
(calcaneus) and the bone on the inner side of the foot obliquely in 
front of it. the navicular, which together form part of the tarsus. This 
specialization of the foot is associated with the frog*like leaping mode 
of progression of the tarsier, and it is from this unique feature tiiat 
the species takes its generic name. The palmar surfaces of the hands 
and the plantar surfaces of the feet are highly specialized, present¬ 
ing round pads at the tips of all digits, with four interdigital pads on 
the bands, while on tiie plantar surfaces of the feet there axe three 
large interdigital pads of highly specialized form. Since the tarsiers 
are completely arboreal and nocturnal creatures, these pads are of 
great service in the grasping activities of the animals, for they are 
capable of holding fast by something like a vacuum suction of these 
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Figiir« £2. Th« Tattler (Tertma syrkhta). (Photo, Zoologica! Society* of 

Philadelphia.) 
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Tho nose is qxiitc unlike that in the lemxirs; only a narrow strip 
of naked skin marks the opening of the widely separated nostrils, 
and the hairy upper lip sliows a continuous smooth surface unin¬ 
terrupted by a median groove. The lip is muscularized and freely 
mobile, not being bound to the gum as it is in the lemurs. Never¬ 
theless, Tarslus drinks by lapping. The cli5appcar«mce of the rhinarlum 
proper in Tamils may be regarded as the outward manifestation of 
the 1 ‘etrogression of the olfactory apparatus, the reduction in the im¬ 
portance of the sense of smell. Tills is also reflected in the marked 
rednetkm of the snout, for the face of Tarsius is relatively flat. On die 
odier hand, the eyes are perfectly enormous in size, being the largest, 
relative to the size of the head, to be found in any of the primates. 
The eyes do not, however, possess a fovea or macula, and hence the 
tarsiers, like the lemurs, ore choxiglit to he incapable of stereoscopic 
vision. These animals have, however, developed a peculiar speciaUza* 
don of the central region of the retina, at which point the layer of 
rod cells is thrown into convolutlng folds, and the gongUon cells are 
more numerous. This is very different from anything found in the 
higher primates, but pumllels conditions found in certain bats. The 
retina possesses no cone cells. Possibly as a compensation for its lack 
of stereoscopic vision Tarskis has developed the ability to turn its 
licad around so that its nose is in line with its spinal column, an ex' 
cursion of 180 degrees I Tliis accomplishment has been worthily cele* 
brated in a limerick: 

The ToKlcr, weird little beesl 
Can't swlv^ hJs eye« 1 q ibe least, 

Hilt when .4tdng at ren 

With his tnmmv dne west 

He can screw his hend round to fnce east. 

But as we have seen, this is an accomplishment of which the 
gaUgoos can also boast. 

The brain, which is rather broader than it is long, exhibits a smooth 
surface. It sliows a considerable reduction in its olfactory portions, 
and an increase in the regions associated with vision, particularly in 
the occipital lobe which extends over the cerebellum and covers the 
latter. 

The palate bone forms a small part of the inner wall of the orbit, 
and the orbit is quite separated from tbe temporal fossa by a post- 
orbital wall. The orbits are directed completely forward, more mark¬ 
edly so than in the lemurs. The upper opening of the tear duct 
(nasO'lacrimal duct) lies on tbe face outside the orbit, as in the 
lemurs. The dental formula is I C Vi» PM %, M %. 
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Tlie tympanic annulus or cur ring lias migratiul outsidt- the aiidl- 
toty meatus, but the buDa or andilors’ chamlx-r is still laruc luid 
inflated. 

Tliere are seven cervicul, and an aNerage of U tjinruclc, siv lum¬ 
bar. three samI, and 28 caudal vertebrae*. Tarsic-rs cxhiljit a monthly 
estrous cycle with sexual skin 5\velIii)S> and it has recently been dem- 
I onstrated that vaginal bleeding of a non-menstrual kind occurs. Tliere 

IS no special breeding season, Tarsiers apijcar alwn>'S to live in pairs 
i or together with a single offspring, that is to say, in single faniilv units. 

in small groups. A single offspring is prodiicfd at a birth, wd this 
chugs at first to the abdominal hjiir of the mother, and later rides on 
her back. 

The diet of tarsiers appears to be insecbvorous, but in captivitv' 
they will eat baby mice, meal-wnrms, aivJ lizards. 

Tarsiers are gentle creatures, readily tameable, though they take 
» time accustoming themselves to human beings. 

Tarsiers are capable of a fair amount of facial expression, 
i In many fundamental characters, such as the mo/idiology of the 

brain and skull, the reduced snout, the retrogression of the olfactory 
organs, in the dentition, file form of the nose and lips, the tarsiers 
make a much closer appixuich to the Anthropoidca than do any of 
the other Prosimii. Indeed, the Tarsioidea serve as good generalized 
early primates from which all tile Ihglier primates may have taken 
origin, that is to say, not from the existing types, but from some early 
I tarsioid form resembling the modem tarsiers. Some students, like 

Wood Jones, have gone so far as to suggest that tlie lines wliidi led 
j on the one hand to the Anthropoidea and on the other to man. origi¬ 

nated independently from some tarsioid stock. Tlie consensus of scien¬ 
tific opinion is, however, against this theory. The interpretation of 
the evidence generally accepted at the present time supports the 
tlieory that the tarsioids gave rise to the platyrrhinc and catarrhine 
monkeys, and possibly to the gibbons, and that it was from the catar* 
rhine monkey stock that the early antliropoids arose, mid tliat these, 
in him, gave rise to the modem anthropoids on tlici one hand and 
^ to the Hominidae on die other. 

[ ANTHROPOIDEA 

Souks PLATYmnns'i 

SUFEBPAMlLV CcBOlDEA 

The New World Monkeys comprise two distinct families, the 
I marmosets or Callithricidae, with eight genera, some 35 species, 
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and some 51 subspecies, and the typical South American monkeys, 
the Cebidae, with 11 genera, some 39 species, and about 161 sub¬ 
species. Their range is from Southern Mexico to Bio Grande do Sul 
on the border between Brazil and Uruguay. 

S/nopsis of the Living New World Monlceys 
SUBORDER ANTHROPOIDEA 
SsAias Platybakini 
Tlie Maimosets nnd Tamarim 
I. SUPBRFAMILY CEBOIDCA 
I. FAMILY CALLITHRICIDAB 

Cenus Ctfihrhfix. Tlje tufted tnarmoscU (Mexico to Amason Basin) (10 
species, II subspecies) 

Genus CehiteUo. The pygmy marmoset (Amaxon Basic to S.E. Brazil) (I 
species, S subipedes) 

Cemis MiGO. Naled-eared marmoset (Tocantins River, Brazil) (I species, 
d subspecies) 

Geous Mcfihna, The bald-headed tomerlc (Northern Amazon} (3 species, 
2 subspecies) 

Germs Temarin. The black-faced tarnniin (Tropical S, America) <3 species. 
6 subspecies) 

Ceous Tamarinui. Tl;e tnustached lamorin (Upper Amazon Baxio) (IS sp^ 
des, 21 subspecies) 

Genus Leonfoc^hus. The maced tamarln (Costa Rica to S.E. Brazil) (3 spe- 
dee, 3 subspecies) 

Cenus Oedipomidat. The pincM marmosets (Costa Rica to Colombia) (3 
species, 3 subspecies) 

The Calutkpicxdas 

The marmosets are small animals, about tire size of squirrels. The 
long coD-prebensile tail is covered with hair though rather sparsely 
on its under surface, and is usually tufted at the tip. The hmdlimbs 
are considerably longer than the forelimbs, the tibia and fibula are 
quite separate, and all the digits bear sharp, laterally compressed 
claws, with the exception of the big toe which bears a flattened nail. 
The digital daws are doubtless associated with the squkrel-Irke habit 
of marmosets of running spirally up and down large tree trunks. The 
thumb is not opposable, but the big toe, which is situated rather low 
on (he foot, is capable of a considerable degree of mobility. 

The face is relatively flat, the eyes rather large, a primitive fovea 
and macula are present in the retina, so that marmosets are pre¬ 
sumed to be capable of some stereoscopic vision. The brain, in pro¬ 
portion to size of the body, is remarkably voluminous, with well 




Figure 23. Tufted Marmoset (Callithfix iocchiis). (Photo, New York Zoo¬ 
logical Society.) 
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Figure 24. Pygmy Mnrawet (CehueOa pvg^tc^). (Photo, Now York 

Zoologicsi] Society.) 


developed fronttd lobes which give the shill a very human-Itke ap¬ 
pearance. The occipital lobes completely cover the cerebellum, and 
the olfactory parts of the brain are very markedly reduced. The sur¬ 
face of the brain is, however, quite free of coovolutioDS, except for 
a well marked sylvian fissure, separating the temporal from the 
parieto-froDtal portion of the brain. In the devek^ment of its frontal 
and parietal association areas, dte marmoset brain exhibits a consider¬ 
able advance upon the prosunian brain. 

There is no miizzle or snout, the nose is of distinctive primate 
or hapbrrhine type, the oval nostrils being widely separated, the tip 
being grooved, and the lips freely mobile. The auditory bulla is in- 
fiated, but the tympanic ring is extended outside the bulla to form an 
abbreviated external auditory meatus. The wbit is separated from 
the temporal fossa by the markedly developed zygomatic or malar 
bone. The latter establishes a broad contact with the parietal bone, a 
characteristic feature of the platynhine skull which, interestingly 
enough, is *1^ seen in scene 10 per cent of gibbon crania. 
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The canine teeth aw well develppecl, and the dentition is iwciilCar 
in that most marmosets have lost the third molar tootli, iMnce the 
dental formula « I %, C PM M %. 

There are seven cervical, and an average of IS or 13 tlioracic, 
seven or six lumbar, three sacral, and 30 to 33 caudal vertebrae. 

The marmoset is the only monkey which normally produces more 
than a single young at a birtli, tl»e itsu^d mimher being ^vo or ihree- 
There is no restricted breeding season and pregnancy hxsts five months 
and one week. Vaginal bleeding of u non^menstrual kind occurs, and 
sweDing of the perineal skin, blown os tlie “sexual skin," has been 
recorded. Interestingly enough, the young are generally curried by 
the father, to whose chest liair tlie infant clings, gradually sliifting to 
the father’s back as it grows older. Tlie motlier receives the infant onlv 
when sustenance is required. Quite frequently tlie carrying of the 
infant is left by the parents to the older prcc'cding siblings. 

Marmosets are diurnal and arboreal in their habits, and subsist 
principally upon fruit and insects. These animaU ore climbers and do 
not indulge in the fiying leaps so characteristic of the Cebidae. 

Marmosets are capable of a limited range of facial expression. 
They habitually live in pairs, or in single family groups, as part of 
a larger community. 

Tb 0 New World Monkey:; 

It FAMILY CEBIDAE 

Subfamily Callimicohinab 

Genus CaUimico. (N.W. Aotasonion Brazil) (1 spedes, 1 subspecies) 

SUBPAMfLY AOIIKAB 

Genus Aota. The douroucouH or oi^t inoQkey» (Nicaragua, Para, Amazon) 

(I species, 10 subspreies) 

Genus CalUcebus. The Uli mookey> (Panama to Brazil) (7 species, 33 sub* 
spedcs) 

SvBPAMILY PiTKGCUNAB 

Genus FitAadu. The saki monkeys (British Guiana to Lower Amazoa) 
(3 species, 8 subsp«dc'<) 

Genus Cooaiao- The ouakiri or short'lulcd monkeys (Amason Basin) (3 
species, 4 subspecies) 

Subfamily Csbikaz 

Ceous Solmin. The squinel monkeys (Costa Bice to Brazil and Bolivia) 
(Sspedes, 15 subspecies) 

Genua Cabus. The capuchin monkeys (Nicaragua to Soutbera Brazil) (4 
spedas, 39 subspedea) 

r f * 
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Figure 2$. Owl Monkey (Aotet Mvirgaiui). (Photo, New York Zogbgicsl 

Society.) 












THE PBIMATES AS A ZOr>LOGJt‘.\I. C;UOUI* 

5ltaPA^^l.Y ATliUNAE 

Cpniu; AteUw. The »;pider nuMi^eys (SfL'divi to Atnim>n BiUiiri) (5 »pn'k*«, 
15 subspecies) 

Germs Br 0 c)^;Cete«. The wonlly s[^der munhey (Soailii-Ca.sl(>ni Bmil) (L 
species, 1 subspedc-s) 

Genus Lagwftfis- The w‘Oo])y nu»i)(i.%>j (Eeirocbrr, N’encvticlM, BoHxin) (6 
spedft, 11 sulMpccies) 

5ut»PAXaLV ALgtfATTlKjkE 

Genus Alouette. Tlie howler iiionley>; (EiokTii Giistciiiata to PjrAguuy) 
(6 species, ^ >;ubspeci(7<) 

The CEBmAE 

Tloc U genera of monkeys enrbraced in tlie family Obidae con¬ 
stitute a varied assortment of animals which ore, however, readily 
distinguishable from die marmosets. Tlie ccbids arc larger in size 
dian the calUthricids, but not as large, on the whole, as die monheys 
of the Old M'orld. Tlie dental formula is I C * 5 , PM ‘^s, M The 
digits all bear noils, which, with the e.\c-eption of the first, are generally 


Figure 26. 0^v| Monkey (Aeacs trioiTgatu^). (Photo, Ne'v York Zoological 

Society.) 
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Figure 27. A, An OW World or Calairhine Monkey (Moceca) and B, a New 
World or Platyrrhlne Monkey (Cebus) showing the diderenoe in the arrange* 
meat of the nostrils. (From Le Gros Clark, History of iho Primotos, Ld49. 
Courtesy, Biitisb Museum [Natural History].) 


somewhat arched or laterally compressed. Claws do aot occur. The 
thumb Is never opposable but is used as a finger, while in the spider 
mookeys (Ateles and Brachyteles) there are only four digits on the 
hand, the external thumb being absent or reduced to a mere nailless 
stub or tubercle, a condition which may be significantly associated 
with the highly developed prehensile tail in this group, a tail which 
has been described as a "fifth hand.'’ The thumb is similarly reduced 
in the catairhine genus Colobus, a group in which Che tail, however, 
is not in the slightest degree prehensile. The big toe in the cebids is 
always opposable. The long tail is prehensile in only half (he genera, 
namely, in Cebus, Lagothrix, Ateki. Brachyteles, and Alouatta. In the 
ouakdh monkeys (Cdcoiao) the tail is very short In the spider mon¬ 
keys (AUUs) the forelimb exceeds the hindlimb in length. In the 
wooUy monkeys (ZjAf^othrix) fore and hindlimbs are almost equal in 
length, and in all other genera the hindlimb exceeds the forelimb in 
length. 

There are seven cervical, and an average of 13 or 14 thoracic, from 
four to seven lumbar, and from 24 to 31 caudal vertebrae. 

Ihere is no muzzle, the pro^tion of the faws being appreciably 
less than in most Old World monkeys. The nasal cavities are also 
much reduced. The skull typically exhibits the articulation of the 
malar bone with the parietal bone. The palate is comparatively short. 
The auditory bulla is large and infiated, and the tympanic ring remains 
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Figure 29. OoakAri MwiVey (C<ica^ caliAis). (Photo, New York Zoological 

Society.) 

outside tlie bulla, but an external auditory meatus is not formed. 
The surface of tlie brain is richly convoluted, tlie fissural pattern bear¬ 
ing a surprising resemblance to that of the brains of Old World mon¬ 
keys, especially in the smaller forms of the latter such as occur in the 
genera Cercocebu$ and Afccecj. This resemblance has been interpreted 
as due to evolutionary convergence or paraUeTism, that is, the process 
whereby two separate stocks independently develop similar structures. 
Since all the evidence indicates that the Ceboldca and Gercopithe- 
coidea originated independently from some tarsioid stock, probably 
in the Oligocene, it is most likely that convergence in this, and in 
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many other cliaraclecs, almost wrtamly oceiirred. The fisstiral pattoru 
of the brain of the htrger forms such, for example, m Atclcs, the spider 
monkey, and Tapio, the baboon, show unmistakable differenw's. 

With the exception of the night monkeys {Aolcs), which as their 
name implies arc aochima] animals, all tike Cebidae are possessed of 
a well developed fovea and macula, and are capable of stereoscopic 



Figure SO. Squirrel MouVey (Stfimiri eciuretis^. (Plwto, New York Zoological 

Society.) 
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Figure 31. Uood«d Sapajou faimUui). (Photo, New York Zoological 

Society.) 
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Figure 32. Wbiie-Chruated Sspajou (Cehus capucinus). (Photo> New York 

Zoological Society.) 
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Figure $3. Spider Monkey (AteUi <iter). (Plioto, New York Zoologies] 

Society.} 
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vision. Tlio few meinbers of the Cebidae thus far investigated were 
found to be capabb of color vision. 

All die Cebidae are arboreal in tlieir habits, and with the exception 
of the night monkeys (Ao/«), all are diurnal It is of interest to 
note that the night monkeys are among tlie smalbst, in body size, of 
the Cebidae, tliat they live in pairs or in small family groups, have a 
limited areal range, and that they have the relati\‘e1y largest eyes. 



Figure 34. Woolly Monkey, Immature (Pl«)h>, Ne'e 

York Zoulogicnl Society.) 
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Aot6s i$ also reoiaikable for the fact that this spedes possesses a tape- 
turn fihrosuju, an irridescent layer of cells in the choroid coat of the 
eye, which is said to give Aotes a more brilliant eyeshlne than the 
cat. 

One yoxmg is usxially bom at a birth, and it is normally carried 
by the mother on her back; in Satmm and Cebus the iather generally 
carries the infant on his back, the infant returning to the mother only 
for suckling. 

The female experiences a definite estious cycle, that is to say, a 
monthly period of physiological change during which the animal 
undergoes all those changes whiol) lead to ovulation, to heat, and to 
sexual behavior. In Aielei and in Cebus, at least, a scanty menstrua* 
aon occurs fairly regularly. 

With the exception of the night monkeys the cebids live in com- 
munibes. Diet varies from genus to genus but is mainly fnigivorous; 
some insects are eaten, while the howler monkeys (Alouatta) are 
mainly leaf eaters. 

CalUmico is sometimes classed with the marmosets (Goeldi’s mar¬ 
moset), but its general features more closely resemble those of a 
cebid monkey, though in several of its character^mane, silky pelage 
—it appears to be transitional between the marmosets and the mon¬ 
keys. The fact that CaUimico has 4S chromosomes whereas marmosets 
have 46> strengthens the view that CaUimico is a cebid. 

The Cebidae are comparatively intelligent creatures, gentle, rela¬ 
tively imaggressive, and capable of a very wide range of facial ex¬ 
pression. 


Anthropoidea 
SeniEs Catatrkiki 

The Old World Monkeys and Baboons 
So»eRFAMU.Y Cepcoptihecoidka 

The Old World monkeys comprise one family, the Cercopitheddae, 
and two subfamilies, the Cercopithecinae and the Semnopitbednae, 
the first with $ genera and some 46 species and 185 subspecies, and the 
second with 4 genera, and some 42 species, and some 60 subspecies. 
All die catarrbiai are African and Asiatic in their distribution, with 
the exception of one species which, though at home in North Africa, 
was introduced more than a hundred years ago to the rock of Gib¬ 
raltar. The great variety of specializations eshibited by different mem- 
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bers of the Old World monkeys is striking, Inil it is fi question wIieduT 
this exceeds tlw variety exhibited by other hunilies of primates. 

The Old World differ from the New \Vt>rld monkeys in the fol¬ 
lowing characters: There are only two, instead of three, premolar 
teeth on each side both in t)ic upper and lower jaws, the dental 
formula being 1 %, C^,i, PM %. the palate is relativTlv long, 


Figure 35. Black Guenon (Cercopilhccus iiigrigenisy Photo. New York 

Zoolo^cal Sodety.) 
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Figure 38. De Bnzza Guenoo (Cercopithecus brarzae). (Photo, New York 

ZcK)Iogical Society.) 

the auditory bulla is absent, and the tympanic ring is elongated to 
foim a true external auditory meatus, the malar never articulates with 
the parietal bone, and the frontal hone, fonning the forehead, is some* 
what more depressed. The nostrils are set close together, all digits 
have more perfectly flattened nails, the thumb is opposable, and so 
is die big toe, the tail is not prehensile, the ceicopitheques possess 
cheek pouches, and the semnopitheques, sacculated stomachs, while 
all species possess sitting pads of naked modified skin situated on 
the lower part of the buttocks, these callused pads being known as 
isclual callosities. 

With the exception of the baboons—which are terrestrial—the Old 
World monkeys are arboreal in their habits, and all aro completely 
diurnal. 

Visual acuity is very highly developed, the mangabeys (Cercooe- 
bu3 ), for example, having an even more highly developed retina than 
man. 

There are seven cervical and an average of 12 thoracic, seven lum¬ 
bar, three or four sacral, and from 12 to 28 caudal vertebrae. 

The female experiences a regular estrous cycle, characterized by 
the swelling of the perineal sexual skin, in most species, and by 
menstruation in aU. One young is bom at a birth, and this clings 
to the hair of the mother's belly where it is carried until, in about 
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a moath. it is able to shift for itself. At a Jeter «age, when flie infant 
IS about six moadis, it may be carried on the motlier’s back. 

The Old World monkeys live in small communities. They are 
temperameaatally aggressive creatures, and on the whole do not ap¬ 
pear to possess as high a degree of intelligence as the New World 
monies. They are capable of a wide range of facial expression. Their 
diet is herbivorous and fnigivorous and, m the case of die baboons 
especially, more or less insectivorous. 

Synopsis of (he Old World Monkeys and Baboons 
SUBORDER ANTHROrOIDEA 
Sdugs Cataamumi 
Tlic Old World Aionhiys and BalN)o^^ 

II. SUP5RFAMILY CERCOnTHECOJDBA 
I. FAMILY CERCOPITHEaDAE 
SU0FAMa.V CsRCOmRfiCiXAB 

Genus CercofjftAcftrr. The guwiote (Africa) (20 species, 99 subrpccierc) 
GeDu$ Erythfccelms. The red-haired patas or bufttar mookeys (Equatorial 
Africa) (I spprics, 0 subspecies) 

Genus Ccnsocciur. The innru»bey» (EqualoriaJ Africa) (4 species, 10 
subspecies 

Genus ifecaca. The macaque (Soulbcrr Aria, ailna, Japan, Philippine, 
East Indies, North Afrits, Gibraltar) (12 species, 50 subspecies) 

Geaus CyncpUJtw*. The Celebes or block "apc“ (Celebes, PhJbppInes) 

(1 species, 1 subsjvcies) 

Genus rheropithcctfa. Tlie Celnda IwJvxm (Soiillicm Abyssinui) <1 spedee, 

1 subspecies) 

Genus Poplo. The typical baboon (Atiysrinia. Anitia, Smith Africa) (5 spe¬ 
cies, 19 subspecies) 

Genus MendriOua Tbe nuiudrill and drill (SoK^tbia lo Coo^) (2 spe¬ 
cies, i, subspecies) 

5ubfax{|i.y SEj.iNoami5riKAE 

Genus S^nopiOifcus. The lanKupi (Aria) (28 species, 1.? subspecies) 
Genus Cotohus. The ipicrcTas (Etjunloriol Africa) (8 species, 28 suhspe- 
Cias) 

Genus A/ilncpidiccus. Tho retmusse-oosed langurs (North-western China) 

(5 species, 6 subsped es) 

Genus NasaUs. The proboscis monkey (Borneo) (1 spocios, 1 subspecies) 

CERCOPmiECINAE 

With the exception of the Celebes “ape" (Cynopifhecus), which is 
native to Celebes, and has been introduced into Batchlan in the 
Moluccas and into the Philippines, all the genera of cercopitheques 
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Figure 37. Java Macaqua or Java MonVey (Macoca inis). (Photo, New 
York Zoological Society.) 


are represented in Afritn. while only one genus which occurs in 
Africa is represented outside that continent, namely the macaques 
(Mncccis), species of which arc found In Asia and Gibraltar. 

The cercopitheques in contrast to the semnopitbeques all possess 
cheek pouches. In these receptacles they are able to cram a great 
quantity of food which they are then able to masticate at leisure. The 
semnopitbeques, on the other hand, are distinguished from the cerco* 
pitbeques by the possession of sacculated stomachs, which are ap' 
parently well-adapted to the digestion of a diet consisting principally 
of leaves. 
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Figure 3S. Barbaiy Ape (ISacaca st/lvano). {Photo, New York Zoologic’ji 

Sodety.) 
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Figure 39. Gelade Baboon (Theroptthecus %t\ada}. (Photo. New York 

Zoological Society.) 


The guenons (CercopUkecus) are lightly built, long-tailed arboreal 
creatures of great agility, with short faces and rounded heads. The 
patas monkeys (Eryihfooebw) are very similar in form to the gue¬ 
nons, but are more terrestrial in their habits. The mangabeys (Cerco* 
cebtis) are arboreal, very long-tailed, slenderly built, white-lidded. 
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monkeys; and the jaws project quite pr<>min«'nlly. Tiw macaques 
(Macaca) are at home in trees and in rocky regions, but like* all 
monkeys arc capable of getting along ver>' well, whenever necessarv', 
on the ground. They {« stockily built creatures, the tall is usuali>' 
rather short, and the muzzle projecting. Tlie Cclebe.s “ape" (Ct^HO* 
ptr/>«et/.s) has an extremely reduced tail, and is ven* baboon'like in 
appearance, witli an elongated flattened muzzle, and a peoilisir crest 
of hair which springs from the cro\vn of the head. With the Gcladu 
‘hiabooQ* (Theropithecus ) we como to the baboons. 

The baboons differ from all other Old World monkeys in being 
tenestrial in their habits latl^er tlian arboreal, and iu ha\‘iiig %*erv 
elongate dog-like roubles. Achiaily baboons li\*c in rocky regions 
rather tlian on fiat ground. The so*cjjed GeLida baboon (Theroptihe- 
cw) differs from the typical baboons (Pwp/o) and tlie drills and 
mandrills in having tlie nostrils set far back instead 

of being situated at the most forward portion of the muzzle, and in 
having a deep rather than a forwardly prolonged muzzle, and in the 
fact that In males the bclnal callosities, the two highly calln3ed 
areas situated on the lower part of the buttocks, are widely Si-parated. 
The mandriU is distioguislicd from the drill principally by its amaz¬ 
ing facial coloration. Tlie top of tlie nose is red, the tip scarlet, tl>e 



Figure 40. Ifriaiadryas Baboon (Pojrio humadryas). (Photo, New York Zoo¬ 
logical Society*.) 
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Figure 41. Chacma Baboon (Papia porceiri»#^. (Photo, New York Zoological 

Society,) 


elongated muzzle ridges are bright blue with purple in the inter¬ 
vening furrowe, the lips are grayish black. The face of the drill is 
entirely black without other coloration. Both have e>iremely short 
tails. In the baboons the muzzle reaches its greatest length, a con* 
dition which may be associated with their pronograde posture. 

$SMNO?miEa^A£ 

It has already been mentioned that this subfamily, which em* 
braces the langurs and guerezas, differs from the cercopitheques in 
the possession of a sacculated stomach and in the absence of cheek 
pouclxes. The semnopitbeques axe also, as a whole, characterized by 
a long and often highly colored pelage. With the exception of the 
African genus of guerezas (Cobbus), the semnopitbeques are an 
Asiatic group. In addition to their geographic uniqueness, among the 
semnopitbeques, the guerezas are also peculiar in that they alone 
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among (he catarrliini slww the same extreme reduction of the dmmh 
that characterizes the spuler monkeys (Ateh't) among the platyrrhini. 
All semnopitheques are lightly built, and all arc jirboroal and diumal 
in their habits. 

Tl»e true iaugurs (Senjfio;jrthecw) are slenderly built animals, 
with long slender tails, and short faces. Tlie snub-nosed langurs 
(Rhinoplthccus) are characterized by retrousse noses, while the pro¬ 
boscis monkey (Nflsahs) is notable for the remarkable development 
of the nose which projects several inches beyond the face and below 
die level of die mouth. Interestingly enough die young proboscis 
monkey and the female are characterized by the possession of a 
retrouss4 nose. 

The guerezas (Cohbus) have short faces, long slender nonpre- 
hensile tails, and external diutnbs reduced to a tulierde which may 
or may not have a nidimentary nail. 



Figure 42. Mandrill (Mandrdlus spbinx). (Pliotn, New York Zuolugical 

Society.) 
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Anthroix>id«a 
Series Cataarhiki 
Super#AJ.C1LY Ho^iikoidea 

Tlie Apes <ind Mnn 

The aolhropomorphous primates seem to constitute a natural unit 
and are therefore placed together in the single superfainijy Hominoidea. 
Tile Hominoidea consists of two fiunilies, the Pongidae or anthropoid 
apes, and the Homitiidae or men, The Pongidae consist of two sub* 
ffuiiilies, the Pooginae with three genem comprising tlie three great 
apes, the gorilla (Cciilla), the chimpanzee (Pan), and the orang-utan 
(Pongo), each with a single species. The second subfamily, the Hylo* 
batinae, consists of two genera, the common gibbon (Hyhbatiss), and 
the siamang (Symphalanfiiis), each with several species. The Homi- 
nidae consists of a single genus ffonio, and a sin^e species sapiens. 

The Hominoidea are distinguished from most other genera of 
primates by the absence of a tail, the presence of a vermiform ap¬ 
pendix, a very large complex brain, arms which are longer than the 
legs (save in man), a laterally expanded pelvis, drest more or less 
flattened from front to back, ability to assitme an erect posture, loco¬ 
motion by brachiation or overarm swinging (except in man and the 
adult gorilla), the great apes heing obliquely quadnipedal, while man 
is habitually bipedal. The thumb and big toe are opposable in the 
anthropomoiphoiis apes, but in man the thumb alone is opposable. 

Synopsis of the Apes Aivl Mnn 
SUBORDER ANTHROPOIDEA 
Smtas Catarrbjki 
Anrl»mpoF>iorj;/i(/ 

The Apes and Man 
III. SUPEBFAMILY HOMINOIDEA 
I. FAMILY PONGtDAE 

Sv^fAMlLY HV1.MA77NAS 

Genus Hylehatef. The cemmon fibbons (Asia) (5 spedes, Id subspecies) 

Genus Symplulon^^. The siuneng (Sumatra) (2 spedes, 3 subspecies) 

SuarAMILT PONCIKAX 

Genus Gorilla. The lowland and mountain gorillas (Western and Eastern 
Equatorial Africa) (1 spedes, 2 subspecies) 



THE PIUMATBif AS A ZOOl.OCtCAr. CROUP 


73 



Figure 43. Cuereza Monkey 

(Photo, New York Zoologioal So* 
ciet>'.) 
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Ccmis Fan, Thcf chimpomee (Western and Central Equatorial Africa) (1 
species, I !)vbsi>edes) 

Cemis Foneo, The orAngniten (Borneo and Sumatra) (1 ipeciei, 2 mb- 
siiocies) 

II, FAMILY HOMINIDAE 

Genus Houro. All Uvlng types of man (the habitable globe) (I spedas) 

We may now tum to the consideration of tlie Hominoidea in some 
detaU. 

Hylobatinae 

The gibbons (including the siamangs) are the smallest of the apes, 
being slightly under three feet in height. The Hylobatinae comprise 
two genera, Htjlobaees, the common gibbon, and Symphakngus, the 
siamang, the fhst with 5 species and 19 subspecies, the second with 
2 species and 3 subspecies. Hylcbat4s is found in Assam, Burma, 
Siam, IndO'China, Hainan Island, the Malay Peninsula, and the British 
and Dutch East Indies. The siamang is found only on the island of 
Sumatra. 

Some of the features in which tlie siamang differs from the com¬ 
mon gibbon are: (1) a larger body weight (24 as against 13 pounds), 
and larger dimeDsions of nearly all bodily ports; (2) much shorter 
trunk and relatively broader chest; (3) shorter legs (in proportion to 
the trunk) and much larger arms (in proportion to the legs); (4) rela¬ 
tively broader hands; (5) an average cranial capacity of 124,6 c.cs. 
as against 97.5 c.c.; (6) a longer skull; (7) the common occurrence 
of supernumerary molar teedi; (6) the presence of a throat pouch 
or vocal sac; (9) scantier body hair; and (10) frequent webbing be¬ 
tween the second and third toes. 

In the species Symphalangus concolor there is an interesting 
sexual dimorphism with respect to the throat pouch or vocal sac since 
only the msks possess them. 

The arms are of such extraordinary length in the gibbon that 
when the anirrud stands erect its finger-tips touch the ground. The 
length of its upper extremities is no doubt correlated with the amaz¬ 
ing ability of the gibbon to progress through the trees by overarm 
swinging. TTie brachiating ("aiming”) mode of progression has 
reached its highest development in the gibbons, who are the true 
aerial acrobats among the primates. Brachiation is the mode of pro¬ 
gression followed by the gibbon about 90 per cent of the time, walk¬ 
ing and jumping fills in the remaining 10 per cent of the time. On 
the ground the gibbon normally progresses in the upright position 
using his long Eums as balancers. 
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Figure 45. WJiite-liandecI Cibbou with Baby (Hyhbfrtes hr), (Photo, New 
York Zoological Sodely.) 

There are seven cervical, and an average of 13 thoracic, five lum* 
bar, five sacral, and two to three coccygeal vertebrae. 

Among important features which distmgvusli the Hylobatinae from 
the Fonginoe are the constant presence of ischial callosities (tliese are 
occasionally present in the Ponginae), the wide flaring of tire aygo* 
matic or malar bone on the side of the skull, and its occasional contact 
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mtli ^ pari«fal, the ewiy eruptton of Hio toctli «n<l injaUci 
size, the eruption of the canine before Hie second dedduous molar 
teeth, and the great density of the body hair. Exceirt for tlw external 
genitalia there are no perceptible external differenc«e 4 oliscivable be¬ 
tween the male and female gibbon. In many respects the gibbons 
stand intennedhite between the Old World monkeys and the Pongi- 
nae- They are more nearly allied to the Oriental orang-utan than to 
the African ai»s, tlie chimpanzee and the gorilla. 

Menstruation occurs at intervals of four weeks and lasts al>out 
or three days. There are no sexual skin changes except for some 
slight eversion of the vaginal orifice and cliangcs in tlie hirgidity and 
color of (he labia during the cycle. 

Tliere is no definite breeding sea.«OD, copulation taking place 
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Figure 47. FemaJe Orang-Utnn with Yowog from Borneo fPtmgo pygmae^^). 
(Photo, Zoologicsl Society of Fhiladelphio,) 


throughout the year. Pregnancy lasts about 30 weeks. One young is 
born at a birth, and this is devotedly nursed by the mother. From 
the first day the infant is able to hold on to the mother’s abdominal 
hair, and later by encircling her waist with its long arms, while she 
brachiates throu^ the trees without affording her infant any other 
support. The young one scarcely ever leaves its mother’s protective 
custody unhl after the sutdi month, 

Temperamentally the gibbon is a gentle creature but very nervous 
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and exdtable and quite unpredictable. Gibbons un? caimble o£ a 
considerable amount of fadal expression. 

Gibbons live io small family groups, whicb are generally part of 
a larger territorial population. 

Diet is frugivorous and insectivorous, but birds* eggs and small 
birds are eaten witli relish, 

PONCINAE 

Pongo. The orang-utan is represented by a single species, Ponap 
pygtnaeus, with 2 subspecies, confined to the islands of Borneo and 
Sumatra. The orimg-utan has very long arms and short legs, and 
reaches a height of slightly over four feet. The average weight of the 
male is 165 pounds, of the female but a little over fiO pounds, 0/angs 
are almost exclusively iirboreal creatures. The coarse, shaggy, body 
hair is reddish-brown or “bright-foxy" rod. Skin color is pale yellowish- 
brown. Adult males iJSuaJly, and adult females, sometimes, exhiliit a 
peculiar spedaUzation in tlxe foim of cheek pads, great lateral out¬ 
growths on each side of the face of fat and connective tissue. With 
the exception of the common gibbon the apes all possess laryngeal 
sacs, but these reach their greatest development in the orang. These 
structures arise a little distance above the vocal cords and descend in 
the Deck and chest, spreading out laterally frequently ns far as the 
armpits, and below as far as the base of the breastbone. The function 
of the sac, if any, is unknown. In man the laryngeal “sac” is repre¬ 
sented by a minute blind sinus beneath the vestibular fold just above 
the vocal fold. Ischial callosities occur to about five per cent of orangs. 
There are seven cervical, and on average of 12 thoracic, four lumbar, 
five sacral, and three coccygeal vertebrae. 

The skull is very peculiar in form, exhibiting a short rounded 
brain-case, and a concave hoHowed-out face. Tbis gives the facial 
profile a somewhat V-like appearance which has been teimed "sinog- 
natbism,” The supraorbital ridges are not confluent with one another, 
and thus do not form a toriTS above tlie orbits os in the other great 
apes. The nasal bemes are markedly reduced in breadth, and often 
altogether fail to develop. There is no mastoid process. The adult male 
generally develops a bony crest, tlie sagittal crest, along tlic middle 
of the top of the skull. The forehead is comparatively high and 
rounded. The average cranial capacity of the male is 416 c.c. 

The upper extremities of the orang are so long (hat when the 
animal stands erect the finger tips reach to the unkles. Tlie lower 
extremities are very short, the proportion of tl» upper to the lower 
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Figure 48. ChimiMiizee Mother ackI Yoiing (Pan (Photo, Zoo* 

logical Society of Loudon.) 

being 170 per cent Tlie hand is extremely long and the skeletal 
opposable thumb is relatively slv>rt, about 44 per cent of the total 
length of die band. 

The movements of the orang are very slow and deliberate, and 
on die ground he moves on all fours In a laborious and shaky man* 
ner, 

Id the female menstniatioo occurs regularly, and in some animals 
tliere is a definite swelling oi the sexual skin during pregnancy. Preg* 
nnncy lasts 275 days, and one young is bom at a birth; this is carried 
by the mother fa a very human-like manner. 

Temperamentally the orang is very placid and sluggish, and is 
facially the most expressionless of the apes, though be is not alto¬ 
gether incapable of a certain amount of fudal expression. 

Very is known of the social life of the orang, but family 
groups consisting of a male, female and young have been observed. 
Little is known of the dietary habits of the orang, but they appear 
to be mainly frugivorous, AC nightfall the orang builds himself a 
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roofed nest of bri^nches »nil twig? and loaves up in a tree, and diere 
rests througli tlic nigljf. 

Pan. The chimpanzee is an inhnbitttnt of western and eastern 
equatorial Africa, There Is a single species Pen satyrus, with one or 
possibly two subspecies. Two species have been described, the com¬ 
mon chimpuntee (Ptnt sn/yn/s), and the Ixdd-beadcd chimpanzee 
(Fan ailous), but thc.se are at most geographic races or subspecies, 
A pygmy chimpanzee has recently l>cen described ns a third species, 
Pen fxjniicus. but it is an open question whether this is not more 
properly to be regarded os a variant very closely related to Pan 
sotyrvs. 

There are seven cervical, and an average of 13 thoracic, four lum¬ 
bar, six sacral, and three coccygeal vertebrae. 

Tlie average weight of the male is UO pounds, and of the fe¬ 
male 3d pounds. Hie average height of the male is five feet and of 
the female four feet. Tlie cliimpanzees are expert climbers and 
brachiators, but spend much time on the ground where tliey walk 
in an obliquely quadrupedal position on tire flat of their feet, sup¬ 
porting themselves on the middle joints of their bent fingers, TTie 
coarse, straight, body hair is black, but brown, reddish-brown, gray, 
and white hairs may be foiuid more or less sparsely distributed over 
the body. Some chimpanzees are entirely white-skinned, others are 
os completely black-skinned, some arc brown-skinned, still others 
have a mottle-brown face and a white body skin. Young animals may 
be white-skinned and tlien turn black with age. Chimpanzees kept 
indoors for an appreciable time may become very markedly depig- 
mented, but regain their pigmentation in a short time when exposed 
to sunlight. Ischial callosities ocair in about 3d per cent of animals > 

Tlie skull has a very low vault, well developed arched supraorbital 
ridges, a somewhat lesser projection of the jaws than the orang, and 
a cranial capacity, in die male, of about 400 c.c. A sagittal crest is 
usually absent, and there is no mastoid process. The root and bridge 
of the nose are depressed, and die nasal bones ore relatively short 
and flat. The bps are extremely mobile. The upper extremities are 
long, the rips of the fingers reaching to the level of the knee-joint. 
The hand is narrow and the fingers long. The thumb is opposable, 
comparatively short, and its skeletal length is about 47 per cent of 
the total length of the hand. 

In the female the first menstruation, the menarche, occurs at an 
average of eight years and seven months. The female experiences 
regular meostrual cycles with considerable swelling of the sexual skin, 
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Figure 49. Chimpanzee (fon satynts). (Photo, New York Zoological Society.) 
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the whole estious cycle lasting about 36 clays, one week longer than 
in the human female. The average duiHtion of pregnancj' is 236.8 days, 
about 39.3 days less than in man. One young is bom at a birth, and 
is suckled by the mother in a very humandike maimer. At die Yerkes 
Laboratories there were $ twin birtlis mit of 120 parturitions, a rate 
of 5 per cent. There is a cootinuous m<itcrnal «afegiiar(1ing and sur¬ 
veillance of the nettvities and welfare of the infant. The young one 
is carried in the abdominal position for between tliree to six mtmths, 
when it may then be changed to the mother’s ami or leg, or alloss'ed 
to ride upon tlie mother’s back. 

Not very much is known of the social life of chimpanzees or 
whether such a social unit as a paternal family exists among them, 
but scientific observation in the wild indicates lluit they live in .small 
bands or groups, numbering, on the a\‘erngc, about nine individuals 
in summer, and somewhat more in the rainy season. Tlie stronge.it 
male appears to be a leader of the band, Tlie clnmpanzee builds him¬ 
self a nest of leaves in the trees on a foundation of skilfully inter¬ 
twined branches, in wliicli he rests for tlio night, but lie has no per¬ 
manent home, being a perfect nomad, wandering about during tlw 
day as bis appetites and desires lead him. Diet is mainly frugivorous. 

Chimpanzees are peaceful animals. They arc capable of a wide 
range of facial expression. 

Yerkes estimates that the life-span u£ tlie chimpanzee mav be 
about 30 years. 

Conlfe. The habitat of tlie gorilla is east central and western 
equatorial Africa. There is only one genus, Gorilfe, and two subspecies 
are recognized, the western equatorial lowland or coastal gorilla, GcriUfi 
gorilla gorilla, and the east central highland or mountain gorilla. 
Gorilla gorilla beringei. Tlie western or low'land gorilla dwells in the 
densely forested region of the Cameroens and tlie Gaboon. Here, in 
a moist, damp, environment, tlie rainy season lasts for eiglit montlis. 
The eastern or mountain gorilla inhabits a narrow mountainous re¬ 
gion of the eastern Congo west of Lake Edwurd and Lake Kivu, ex¬ 
tending south to the northern tip of Lake Tanganyika, an urea some 
250 miles long by 60 miles wide. This region is also densely forested, 
and the mountain gorilla is found at altitudes from 7,500 to 12,000 f<x*t. 
The distance separating the habitats of the lowland and mountain 
gorillas is about 600 miles. Hence, the two races ore geographically 
and therefore also reproductively isolated from each other, 

The differences between the lowland and mounbiin gorilla ar« 
many, but it takes an expert to detect them. 'The mountain differs 
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from the lowhind gorilla in ha^’ing sonicwh«t shorter nniw, Ivoader 
iUJtl short hands, usnaJly webbed toes, nnrrowcr hips, givatcr Iengtl» 
of trunk, narroww width be^veen the eyes, greater length of reek, 
generally narrower skull, longer palate, tliicker pelage, and in u good 
many other characters. It will be peitreived that these are simply 
minor qualitative differences. 

The gorilla is the Inrgcst or rather bulkiest of all the primates. 
The average height of the gorilla is about five feet six inclKS, but 
larger males may be a foot taller than this. Bec-ause the erect ani¬ 
mal keeps Lis kne« bent he tisuaUy appears somewhat sliorter than 
he actually is. Tlie gonHu is enormously robu.st with an average chest 
girth (below the nipple.s) of 56 inches, and an average weight of 
450 pounds, ^’eights up to 670 pountU have been recorded. The 
number of vertebrae is tlw same as in the chimpanice, seven cer¬ 
vical, and an average of 13 thoracic, four hmihar, six Siicral, and 
three coccygeal Skin color is usually black, bxit the writer has seen 
one yoxmg gorilla with a white body skin under its thick black coat 
of hair; in later life this may, hcAvever, have turned black. 

The gorilla is tl;e only one of the onthroimids that exhibits a slight 
elevation of the nasal hones, an elevation which is highest at the 
median ridge where the two bones fuse at an early age. Both root 
and bridge of nose are fiat. The free margins of the nasal hones ex¬ 
tend well holow the level of the infraorbital margins. The lower 
portion of the nose is broader than that to be found in any other 
primate. Tlie nasal wings are very thick, enclosing "V"-shaped nos¬ 
trils separated by a thin septum, and pass below into the upper lip. 
The lips are very thin, with scarcely any exposure of mucous mem¬ 
brane such as gives the lip in man its characteristic appearance. The 
ears ore small and .set close to tlie head. Because of the presence of 
massive, chiseWike incisors and huge tusk-like canine teeth fn the 
male, tlw upper and lower jaws are very wide in front, making the 
moTith-sJit of great width. Tlie female is a smaller and much less 
specialized animal tlian the male gorilla. Her canine teeth are much 
smaller, and in her skeletal characters she is .somewhat less rugged 
than the male. The skull of the adult male is generally easily dis¬ 
tinguished from that of the female by the presence of a iwominent 
sagittal crest of bone which runs down the middle of the vault, and 
which is much larger than anything of tlie kind achiev'otl by tlie male 
orang. To this cTCSt ate attached the temporal muscles which move 
the massive lower jaw. The crest is not seen in the living animal prin¬ 
cipally because the temporal muscles fill in the areivs on each side 
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o£ the crest, and because of the piescnce of a “crown pad" of con* 
nective tisi^ue which lies above these. 

Above the orbits stretches a very strongly developed bar of bone, 
which IS internally hollowed out to form enormous frontal sinuses. 
Behind tlxc bai' is a depression, and from this depression the frontal 
bone hardly manages to raise itself into tlio semblance of a forehead. 
Externally tlic sknll is long, but internally the cranial cavity itself is 
actually relatively broad, so that in the case of the gorilla we aie 
dealing witla a dolichocranial or long external skull and a braeby* 
cranial or broad internal sltull. Tlie average cranial capacity of the 
male is 550 c.c. and of the female 460 c.c. There is no concavity to 
the facial profile of the gorilla, but the face projects obliquely down* 
wards and forwards in an almost straight line. A moderately well 
developed mastoid process is present. Owing to the peculiar con¬ 
figuration of the back of the head and the powerfully developed neck 
muscles there is no obvious demarcation between the back of the head 
and the trunk. Laryngeal sacs are present, but are not quite as well 
developed as in tlie orang. 

Hiumb and great toe are opposable. The gorilla spends most of 
liis time on the ground where he progresses by walking more or 
less on die flat of the soles of his feet, resting his weight anteriorly 
on the middle joints of his fingers. The gorilla is able to stand erectly 
and even to take a few steps in that position, but his normal gait is 
obliquely quadrupedal. Since his forelimbs are considerably longer 
than his hindlimbs, and the latter are habitually bent at the Imees, 
the posture thus produced is one which is best described as obliquely 
quadrupedal The term “seiii'eTect” does not accurately describe either 
die posture or the habitual mode of progression of the gorilla. 

The gorilla is a slow moving creature, and on the ground is easily 
overtaken by man. Gorillas axe not entirely terrestrial in their habits, 
for tlie smaller ones occasionally climb trees, in which they progress 
by brachiatioQ and by walking erectly while grasping the branches 
above them with their bands. At the approach of night the gorilla 
builds himself a comfortable nest which he uses once only, and aban¬ 
dons in the morning. The lowland gorilla builds nests sometiines in 
trees but mostly on the ground. The mountain gorilla usually builds 
his nest on the ground under large trees, and sometimes—interestingly 
enough—undei ledges of rocks, but quite frequently also in trees. 
Diet is piincipaily herbivorous. 

The gorilla lives in small bands of from three to 10 or more fam* 
dies. These generally separate during the day but return before night- 
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fall to make tlieir norts toKrthoi'. Gon'Ijjis art* ncma<ljc in tboir habits, 
rarely staying longer than n month in the* same locality', i^rincipully, 
it is supposed, because of the exhaustion of the food supply. Tho 
gorilla is A peaceable animal, and will never attack a man unless 
badly frightened or tltreatcned. 

Very little is knowm of the rcpro<Uictive life of the gorilla. What 
is knoum is that the gorilla experiences a definite menstrual cycle 
much like that of the human female, 'vith menstruation cver>' 39 days, 
no sexual skin, and slight swelling of the labia majora prior to men¬ 
struation. Duration of pregnancy' is prohahlv about the same as in 
man. One >'oung is bom at a birth, and this generally clings to the 
mothers chest or abdomen, and is frequently carried on her arm. 
When the infant grow's older, it rides on the mothers buck. 

In contrast to tl>e chimpanzee, which may l>e described us a some¬ 
what manic type tempemmentally, the gorilla, in captivity at any 
rate, may be described as a distinctly quiet h'pe. Tlie latter is much 
less given to emotional expression of anj' sort than the former, and 
the gorilla's range of f.tcial expression seems to l>e less than that of 
the chimpanzee. 

Homo. All the lixing forms of man l)cIong to the single genus 
Homo, and the single species srt^riens. Althougli man is unquestion¬ 
ably a member of the giant anthropomorphous primates, he differs 
in so many respects from tliem os to justify his inclusion in a sep¬ 
arate family, tho Hominidae. 

The folloxving are some of the many features distingulsliing man 
from the liviog autliropoid a|>es; 

1. Fiilly erect pa'^niro 

2. Hsbituol bipedal loeoinatum 

9. Lo^ Biucli lender tbsn arms 

4. Creator av'orugc rclaB% o of loM,or limbs 

5. Shertc.W averosr relative length of upper limhs 

fi. Longest elmmb in xelAHon to hand kiigtli 

7. £arUcst disappeamnee of indei>cndenl os centT'ih' 

S. Strsiahtec jlngen and paliu 

9. Sltorter finger bone< 

10. £horte»l rolnHve U•ngt]l of loes!. c>xe<'i>tinp' bifi t<H' 

11. Non-opposohle en'ut toe, wi In Urn* with otlier 

12. Foot arched rran!?vc)sely and liMi^tadirndl}* 

13. Lowest aboicldcn 

24. Lowest placed nipples 

15. Least increa.w In awrege stuib>e« of tniuk—more marked fLittcnin^ of 
thorax from before b3ckw;irds 

Id. Earlier fusion of steraebrae 

17. More central position of \'ertebrnl colmim 
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18. Highe<t fivoi^ea number of vertebrae 

19. Highest «vent(n number nf Choracolumbar vertebrae 

20. Highest svenge nnmbcr nf coccygeal vertebrae 

21. Relatively loogest cervical nnd lumbar regions of spine 

22. Marked cervical and lumbar anteriur conventies of sitinv 
20. Relatively greatest distance between Hiorax and petvu 

24. Sharper backward loclination of sacrum—ucro-vcrlcbrnl uitglu 

2$. Large sacrolLac joints 

26. PmKs much higher in relation to Micnnn 

27- Relndvely much shorter pelvlx 

28. Much greater curvature of iliac blades 

29. lilac fosine of pelvis face one another 

30. Relatively shortest fliac bones 

31. Presence of a true Ingolnal ligament 

32. Absence of a peais bone 

33. Absence of ischial eaUn.«lfio< 

34. Fulcrum of heed much nearer center of gravity 

35. Forward position of ocapltal condyles 

36. Flatter and more hohaonlal position of anterior umnial fossa 

37. Orbits situated tnuler anterior cranial fossa 

38. R^tively greater distance between eyes 

39. Shorter height of face 

40. Earlier development and larger adult size nf juastoid processes 

41. Longer neck 

42. Absence of well developed buyngntl .mcs 

43. Smaller jnuiculature of back of neck {.•^emisplnalis capitiK) 

44. Trunk musculoture (muififidus) primarily used for balancing body on lower 

Ihnbs 

45. Larger musculacuce of back 

46. Great reduction in the projectinn nf the laws 

47. Smaller and more delicate alveolar arches 

48. Great reduction io size of canine teeth 

49. Equality of saxes with regard to size of canine teeth 

50. Much later completion nf eruption of permanent dentition 

51. Smaller jaw muscles 

52. Attachments of neck and jaw mirsclcs more widely ^-eparated 

53. Extremely early fusion of facial maxilla with prvmftrilla 

54. L.ate closure of bregmatic fontAnclIc 
65. lAte ^osure of metopic suture 

56. Prenatal separation of nasal mof nnd wing cartilages 

57. Very late fusion of nasal bones 

58. Absence of diaslemata ir\ the upper jaw for tlie reception of the tip of the 

tower canine tootb 

59. Later eruption of dedduous dentition 

80. Eruption of deciduous canines before second deciduous molars 

81. Secerkl permanent molori mipt after replacement of all deciduous teeth 

62. Prominent bony nose with elongated fleshy Up 

63. Median furrow or philtnuxt of tlio upper lip 

64. Outward rolled mucovis membrane forming lips 
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65. A xwll martciil cln'n 

00. fl »limt«n injintliimhii’ .slu'lf 

67. Eurber {ui.i(N) nf in)in<(ilnilAr lulw?. 

68. XfMch vorlivr dcsoldiMncDt rf ni.u<i<iid proc^frci 

69. Crfot rcdtictkm In dcii'Qty hnlr ^pjvept on v.'u)p) 

70. R^tiiction nf tactile linin 

71. OocurrnKc of wavy ujkI coriy ha(r 

71 Later uppearaiKo of pigment in skin 

76. Bruin inare tUun twivu lu l.irBe 

74. Lvns marked rotation of thumb 

75. Le^ e^tTen 1 C reduction nf c.uidil vcTtd>nic 

76. Earlier descent of fr*te% 

77. Greatest wrtght oi birth (n relatiou to Ixvly svciglH In julnit life 

78. Most retarded xkthtui mahtr^boiT ait hirfh 

79. Lonjjer tfrowtlj perinst aiml slower n>f<‘ «if (lesclopmenl 

80. Lonita.? life span 

There are numerous other morijJjoIoguul und particiiiarly phys* 
ioiogicaJ characters in which mun differs from the antluopoids* and 
on even larger number in which hodi man and the anthropoids differ 
from the Cercopithecidae or non-anthropomorphous catarrhines. Hux¬ 
ley’s classic judgment of 1863 tlmt the stntrtural differtmees whidi 
separate man from the great apes are not so great as those whid) 
separate the great apes from the monkeys, has been fully confirmed 
by subsequent investigation. So, too, has his judgment that “tlie struc¬ 
tural differences between Man and the Man-like apes certainly justify 
our regarding him as constituting a family apart from them." 

Man may briefiy be defined us a big-brained primate with the 
capadty of articulate speech. Walking erectly he uses his hands— 
freed from all locomotor activity—to make and use tools. His face 
and teeth are small, and his diet is omnivorous. 

Witli respect to mote qualitative features man differs from all non- 
human primates in the following traits or potentialities: 

1. Relative freedom From constraint of biologiciilly predetermined 
behuvioral responses. 

S. The potentialities for the development of u complex intelli¬ 
gence. Educability. 

3. The capacity for complex symbolic thought. 

4. Speech as an expression of symbolic thouglit. 

5. The development of a complex way of life or adture. 

6. The capacity for innovation. 

It is in the possession of these six potentialities, and in tl>eir active 
realization and transmission, from generation to geueration, that man 



Figure 51. Body prtporfions in fuUy grown great apes and man. From left to tighti Onmg-UlftiV Chimpanzee, Mountain 
GorflU, and Man (Americnn Negro). (From A. H Schnltt. Cm.rtesy, Anthropologi9Ch9r Anzeiger.) 
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qualitatively differs an very significantly from all other iwimates. It 
is the development of tliese ixitentinlities wOiich alone emxbles hhn 
to become a human being. It is probable* that tlicw peculiarly human 
traits are significantly associated with some of the unique features 
of man’s anatomical structure. The size and compledty of the biain> 
the erect bipedal posture, and the complcto freeing of the hands, 
are factors which ate almost ceriainly significantly associated with 
mao 5 social de\‘e]opment, and there are doubtless others. 
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chapter III 

THE ORIGIN AND EVOLUTION OF THE PRIMATES 


Xhs nsiST tiKowN primAtej appeared on this earth some 
niiDion years ago» in the Middle Paleocone. In Table III will be found 
a systematic classification of tlie geologic eras, periods, and epochs, 
and an estimate of their duration in timo, together with some of the 
representative forms of life which flourished therein. It is a useful 
thing to memorize such a time‘scale, for it serves to give one a firmer 
grasp upon the succession of the forms of life In time than could other¬ 
wise be obtaiued. 

During the last three decades Cidley, Jepsen, Simpson, and others, 
have described numerous fossil primate teeth and faws from the 
Middle and Upper Paleocene of the Rocky Mountain region of North 
America. Before Gidley’s original discovery at Fort Union, Montana, 
only one doubtfully recognized primate, Plesiadapis, was known from 
the (Upper) Paleocene. Today five distinct families are recognized 
from the Paleocene, the Anaptomorpludae, the Phenacolemuridae, the 
Apatemyidae, the Carpolestidae, and the Flesiadapidae. Several genera 
and a good number of species are distinguished in each of these 
families. The more important genera may be listed here. 


FAMILY ANAPTOMORFHIDAE 

Genus PalcnocUtha 
Genus PUflole^es 
Cemjs IVdus^ovffu 

FAMILY PHBNACOLENiURIDAE 

Gemi<! Palaechihon 
Gernis PhtnticolemuT 
Geuns Paromortn/s 

FAMILY APATEMYIDAE 


1 Middle Paleocene 
rof Nordi America 


Middle and Upper 
Paleocene of 
Nortli America 


Cenui^ Jei>senelh Middlel Paleocene of 

GeiRis Lchidchmur Upper] North America 


FAMILY CARPOLESTIDAE 
Germs Elplrfdocersfus 
Ceous CarpoUgfes 
Ceaus Carpodoptes 


Middle*! 
Upper ^ 
UpperJ 

IW] 


Pflicoceoe of 
North America 


THE OKIGIN AND E\'OLin'I<)N 01-' IIUC I’BIMATICS US 
FAKflU' PLRSUDAPIDAE 

Ccnu^ FronofWtfttcT Wkidlc of North 

AfTH'riCR 

Ccnur PZeswdo;* UPP'*f PaloMw of NertJi 

r AmpncA and Hnrope 

G«n\is ChifomyoiiJa lVpp<r Pale«en« of 

J Frsnce 

Tlie available remains of fossil Paleoceoe primates do not permit 
of any definite conclusions concerning the reiiitionships of these forms 
to later Eocene primates. Broadly .speaking the apatemyids and 
plesiadapids appear to be related to the primitive lemurs, while the 
carpolestids svere possibly of proto-tarsioid origin, but do not appear 
to have been ancestral to any other group, whereas the carpolestids 
have clear geoetic affinities witli tlie tarsioids. PaJeiwchtha, tlxc most 
generalized type, may well be ancostral to the tarsioids. PoTOinomys 
has been thouglit to be ancestral to the European tarsioid genus 
NrcrcZcmw but this is sOIIle^vhat doubtful, while PJcsiolestcs (from 
Northern Wyoming) may represent a slightly modified and progressive 
descendant of Polaechthon. Chiromyoicles from the Upper Paleocene 
of France may be related to the ajicestr.-d stock of the “aye-aye/' but 
the similarities may be due to convergence. 

Whatever the relationships may prove to be it is, in any event, 
clear that in die Paleocene there were already in existence sev'eral 
primate phyletic lines, but eWdently less distinctly differentiated than 
those of the Lower Eocene. 

The fossil teeth, jaws, and other skeletal rem^s of the earliest 
Eocene primates already display many well differentiated characters, 
indicating a past history extending over a very long period of time. 
Hiese differences axe so marked and significant that they render it 
necessary to recognize the exisiencc, own at that remote period, of 
two separate infraorders, namely, tlie Leinuriformes and the Tarsii* 
formes. Both in size and proportions the Eocene lemuroids strongly 
resemble the existing lemuriform or Muliigtisy lemurs which inhabit 
Madagascar and the neighlxiring Comoro Islands. The latter may 
therefore be regarded as “living fossils,” with the tree*slirews the sur¬ 
viving primitives among the primates. Tlie fossil lemuroids are repre¬ 
sented by two vodespread familie.i, the Adapidae, and the Notharc- 
tidae, each with its own subfamily, the Adapinae and the Notharctinue; 
the former being confined to EuroiJC with three distinct genera. 
AdapU^ Anchomomys and Pronycticcbvs, with several spedes; the 
latter, the Netharctinae, comprising the genera Pehjeodus^ Nofhart'- 
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TABLE III 


ClfOLOCICAL TtUK^^ALB 01* TIIK AmKAKAHCK O*' VABiOl’li 

TtKPSKOSNTATtVK )''r>ftMA 0>* LiKK 


8fn 

Pfflnd 

ffj-trA 

IfOfvte* 

&iirrUr 

Ifrvi'eafeo 

ffMW* 

^riae <i/ Li/e 

Cu*otoao 
T1«e A««of 
ifeoiisAle 

Qwetoreory 


l/JO 

X{as, Ilia elavA enil lUMWr. 

PiftAtoeree 

- 

MAo4aMm^f>e, SiitetnUirtpii*, A«ttNa> 
e^rntf. /feeie anpirNit 

TcftUiy 

rtiocone 

13 

Mas’* ininedJoto juwuiMrtpralaably 
■ppcorrd dunoc Ibo laUer iion of Uiie 
ei>ocli. Orroyftfteeau. 

Mi«c«ae 

SB 

AviRdtuiea of true enthrojiuid ape*. 

.SfeseflAo'eir, /r.orefM«^ 

CHicDcrae 

« 

PriniitKe aniUropoid a|>a ApjiMt such 
la PrecfiepsUtMca. 

fioeone 

no 

Spread of modcni B^aoiettk. 

Pakoowe 

7ft 

Aypeorofiee of iBocoUvoreiis iirn)H> 
fuetae and soHieet pHiceM. preniiiv* 
leinureido end tanoida. 

M*sooio)c 
Tilt Ace of 
BeirtOee 

Sccoode/y 

Crelueoxa 

lift 

Rieo of areiioie roeroinele end birda. 
EalJnction of diaaeaura. ideforlaoli'la. 
end toothed birds. Irreacnvonee. 

Junoee 

lt\i 

Spned of prlipiliv« loanvoaUa Aod 
Bioredectyle. nee of toothed birds. 

Triaaie 

soft 

Rise of ^naeours. pterodactyU and 
ndfbidvo Dieanmels. 

1 

PAttOSOM 
The Ace of 
Ar>«ieat 

Ule 


Penideo 

1 


Spread el anirdiilnaoa end loerete. Ki> 
tlnctfam of tdlebiMs. 

. CcrSaufema 

Sftft 

Priruitioe rppUka. insoclBi qAilcrs, 
Greet foteeis of fonts ead tnoesce. 

Ccveoiaa 

1 

' iU 

Rise of flalRt aad aoplubieae. Sfireed* 
lu of fweott. 

UlondO 

it'O 

Rise of getreeodrrnei, eca«corpt<M 
(BnrypCedds). First lend plents. 

Ordovicloo 

4Sft 

Rtm prirmtrve fiehca. the aetriu^ 
derbs. 

Cejiibrian 

ns 

sun no Jeaddifa hnowo, tiflobilre. 
nioQueks, breelMmde. 

Paotriio* 

(oie 




Sponcee. jtmosoeos. diatoms, and pr^ 
tMbytfc end eihsr eemoteneiec coitv 
piM toroM of life davoloped durtnjt 
tin's are. 

AcciKOtoic 



1 ftno 

Rrobabiy Mntple uAieellular asa-IvcH* 

ina fAroM 


Tb* «ft<nutH tunibcr of iidlKoM e( y«*i« in tl>e founi eolgnin (or Um T«rtUry Mnod i* h*a«d or 
M oottbiAkOeo of BtJMitaioffMl At*, vito apcatu rofwwwo lo the ovolnMoo of the eem from Mi»> 
site to ftfig Che erxtfence of Mioirv OM r^McUvlv The HcW fo' the |iia,edioo pafco^ wo 

Ut«eU taMfl en tbe i ireafura irMfenMlioo n>*fhod When »ad leM oeeair ncetoer ut • fr*r 

meet er roek otlferwiee frw» fteie ih«w eJegneete jt inoy Moenlly be Mfelv eae.iiMd thet U« lead re^ 
resoitta "dcooRipoeed'' or tnoefon&ed uronl^m. It te koovro UmI IXKQ,CIOO mnu ^ umoluiB yield* 
l/7fKM smiite of )««ds yeor. Heneo tbCM* of eurii mbi con b« dnwnotoed frecn Ur itropordoae of 
Uaee nemente «1iieh Utey eontoia, time: 
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tu$, Sm^odectes of Norfh Amoricji, ,md Profoadupis of Franco. Be¬ 
cause both taisioids and lemuroids occur <hcrc at curlier horizons 
than elsewhere in the world it is possible that North America was 
the birthplace of tlxe primates. 

Some 20 or more genera of fossil wsioids have been clescrilwd. 
nearly three-fourths of which occxir in America, and the remainder 
in Europe. 

The modem lemurs may have originated from some member of 
the Adapidae. Pelyc^this may well have given rise to Nothnrefus, 
and possibly also to Smilodectes. 

Neither Notharctus nor SmUodevtes was involved in the descent 
of modern lemurs. It is by some authorities ihouglit that Nothorctus 
became extinct possibly at die end of the Upper Eocene, while otliers 
consider it possible tliat Nofharctvs was ancestral to the Ceboidea. 
^ers think that the loog-lived stem of Omoiuys, within the Omomyi- 
dae, Middle and Upper Eoc'die Tarsiiformes wvre more likely to !lu^'c• 
bew ancestral to the ceboids. With the fossil record os iiicninplete 
as It IS such attempts at the reconstruction of the early historv of the 
primates must remain largely speculative. Neveitheless. there is hanlly 
a year that passes without some new form being discovered which 
lielps to make that history a little more clear. 

In 1953, the most ancient primate ever found in China was dis¬ 
covered in an Upper Eocene foimation of the Yuanchu Basin of the 
Lower Middle Hoangho or YeUow River. The find consisted of a right 
mMdibular fragment with M, and M., a left mandibular fragment 
with PM-, Mf, and M., a right madHar)' fragment with PM- and M‘, 
the two latter probably belonging to tlie same individual, and isolated 
M, was also found, 'Tliis find has been name<l Honnghonius sfehUni, 
and on the basis of tooth structure its affinities appear to be most 
comparable to the American Lower Eocene tiu^iokl Tefonlus, Drs. 



A 



Figure SS, A, Skull of the Eocene Lemur, Xolhaictus. B, Skull of SUnkni 
Lemur, (Redrawn ufler W. K- GrcRi'rv.) 
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SInelairella 


OUQ^ 

)CENE 

Adopldium 

Maergldraiua 

1 

1 

EOCE 

NE 

Hoenhoniua 

Miergchoarus 

1 

1 

Dyaaoiarriur 
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Tuinaoius 
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C^vnxoshiut 
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I Pronychcebus 


K«t«rohyui C««^epith«cu$ 
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my* 
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UintdA^ut 
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«niuc 


Ol«) 

\ 

Absorekiua 


EOCfl 


Pl4tyehotrops 

NE 


PALEpCENE phir^ygtd«s 

Lgbidoiemur 


I 

Sheahoniui 

Lovdinj 

Tgilbordind 


Plagiodopi* 


japsanallo 


Corpctai<*a 

Carpsdoptgp 

Elphidclorslu* 


Nothorctu* 

Protoadapi* 


PglyeMua 


Phgnceelgmur 
I Poldc^vlhen 
PiMi^igat** 
POromoAys 
Peignochtho 


Kevajoviua 

ADAPIDAE 


Prolgnothgdgetai 

APATEMYIDAE CARPOLESTfDAE 

PLESIADAPIDAE ANAPTOMORPHIDAE 

' - Phyigtic linaa 

prpbePly elosgly ralotad groupa 

Figure 63. Relationships of early pnoiates. (From Bartb. Courtesy, -4m. /. 

Phys. Anthrcrp,) 
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Wc*o Ju-Kang and Chow Min-Chen suggest llmt this specimin pn»* 
vides a clue to a possible relationship bet\\*epn the earliest pnmut«*s 
of America and those of Asia. 

The early Iccnuroids dlEcr from tlsc early tarsiofds in having, on 
the whole, retained a greater number of primitive characters, e.g., 
more dependence upon smell and less upon vision, less peculiar 
spedaliiations in the skeleton for leaping from branch to branch, 
and a less developed brain. The tarsioids, on the other band, dis* 
play many of those morphological changes which made the subse¬ 
quent development of man possible. The Prosimii were, as almost 
all primates continue to be, tree dwellers. 

But from what group of animals svere the Prosimii themselves 
derived? We have already seen that the evidence indicates that they 
were derived from an Upper Cretaceous group of insectivores which 
very closely resembled the existing tree-shrew? of the family Tupaii- 
dae (Figure 54). 

The adoption of the habit of living in die trees by some of those 
early shrews put a premium upon those characters which u^ould best 
enable these creatures to pursue an arboreal existence. A terrestrial 
existence demands of the fbui*fboted animal that in its scorch for 
a living it keep its nose, as it were, to the ground. Tire forefront, and 
greater part, of the primitive vertebrate brain was a .rniell-brain, a 
receptor for odors from the external Mwld, and this fact determined 



Figure 54. The Tree-shre^^' (Tuftaio ferruzinea). 
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the patterns of development of the brain of tho esu-liest mammals. When, 
however, such n mammal takes to the trees, a nervous receptor-organ 
such as the brain which is dominantly olfactory, must undergo certain 
readjustments if the species is to make the proper adaptatioos and 
survive. In the trees the sense of smell is not as important as the 
sense of vision. With all four feet fbtt on the ground It Is easy to smell 
out edible objects and pick them up with one’s jaws. But up in tlxe 
trees the problem is entirely different. It is necessary to see one’s 
food rather than to smell it out, and when it has been seen it must 
often be caiiglit on dte wing by a jump to another brand: and held 
by the forelimbs, while the supporting branch musl be grasped by 
the hindlimbs at the same time. Insects mtist be caught in flight, 
grubs and worms picked out of the hark with finger and nail after 
they have been smelled or the visual signs of their presence detected. 
Delicate adjustments in equilibrium and In motor coordination, in 
the sense of hearing, in tlU sense of touch, and, indeed, in nil the 
faculties of discrimination, are necessary. 

Thus it came about tlut for orientation in space and for recogni¬ 
tion of objects in that space the sense of vision was developed by 
arboreal mammals into a much finer mechanism than ever before. 

In the coone of several millions of years the acciunulation of van- 
atioDS favoring animals pvirsuing an arboreal life resulted in the various 
Prosimti. 

It is the development in the importance of the sense of vision 
which led to the birth of the primates, and it was arboreal life which 
provided the conditions favoring such a devebpment. The fossil 
Prosimii show highly specialized divergent changes in the structures 
subserving the senses of smell and vision, both in the skeleton and 
the soft tissues as they may be interpreted from the latter, and by 
comparing the fossil forms with their living descendants. From the 
lateral position which they ocaipy in earlier forms the eyes now tend 
to assume a more frontal position, although it is only in the Lorlsldae 
and in Tdrstifs that this position is actually achieved among prosimians. 
The cone cells of the retina practically entirely disappear in most 
forms, leaving (he rod cells only. This latter specialization is associated 
with the nocturnal habits of the Prosimii, for they have poor vision 
in daylight and excellent vision at night. They spend the daylight 
hours in sleep and are most acKve at night. How this habit came into 
ezisCence we do not know, though it wottld be easy enough to suggest 
that it was probably of some adaptive value. 

In the Tarsiiformes (he visual areas of the brain are somewhat 
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more complex and rclafivciy larj^er thm 111 tlio mid 

there is every reason to !>elicvc tluil tliis wm equally Iriio in tlie early 
tarsioids. In the Utter the eyes unde^^^'en^ an aionnoiis increase jn 
size, resiilttog in the development of the largest eyes, in proi^rtlon 
Co the size of the head, to be found in any mammal. Tliis is well seen 
JO the surviving species of the Tarsiifonnc's (see Figure 22), hi tlic 
taxsioicls vision became the dominant sense, definitely usurping the 
position once occupied by smell as the principal guide to the animal, 
tlius surpassing the lemurs in whose life olfaction still plavs a domi¬ 
nant rdle. 

The gradual development of die sense of vision constimtes prob¬ 
ably the most important single factor in the evolution of the iwimutes. 
It vastly ertended the “space of recognition 

It has already been pointed out that the freeing of flic forelimbs 
for the handling of objects promotes the development of the baud 
and the specialization of each of the digits to perform those remark¬ 
ably fine and complex adjustive movements of which die human hand 
is perhaps the most jierfect example. Not onh- does die opposabilit)' 
of the thumb to the other digits of the hand become pitesible, hut 
the ground work is fgUy laid for the development of the erect posture 
—a possibility not to be fully realized until the appcnr^inco of the first 
men in the Pleistocene. 

The nocturia! mode of life of the Prosimii demands considerable 
auditory acuity, and here again, as between both groups, the sense 
of hearing is more highly developed io the tarsiers than in the lemurs, 
and was presumably so in their Eocene ancestors. 

Tlius, it may be perceived that because the Eot^ene primates 
learned to rely primarfiy oo vision rather than on the sense of smell 
for the exploration, recognition, and apperception of their environ¬ 
ment, there commenced a progressive development of all their senses, 
with the exception of that of smell which was destined to undergo 
a very thorough retrogression. The most imporfant result of this 
revolutionary change was to produce a corresponding dcs'clopmcnt 
of those centers of tlie brain which could intepate the disparate 
sensory stimuli into a ‘^mity of apperception.” Those cenfers are situ¬ 
ated in what is termed the neopalUum of the endhrain. Simultunoooslv 
a considerable involution occurred of that part of the endbrain which 
subserves the sense of smell, the so-called “rhinenc'cphalon." 

The neopaJlium contains the largest part of the "cortex" or ex¬ 
ternal “gray matter” (pallium) of die hrain into which lead tracts 
from all the non-olfactory senses. Particular .ircas of the ncopivUiuin 
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lecelve particular kinds of stimuli. Between tliese cortical areas there 
are numerous and very intricate connections wbicli render possible 
tiie coordination of different kinds of stimuli. There are, moreover, 
areas in tixe cortex which send out fibers relaying “motor" impulses to 
the lower centers of the brain and spinal cord. But that is not all, 
the cortex contains association areas capable not only of association 
but of memory. Where there is a consciousness or sense of the past, 
tiieie is concern about the future. The neopallium becomes not only 
a regulating itnd coordinating organ but also a computing machine 
for the prediction of future events and thus for the choice of goals to 
be actively achieved. As it grows and develops, it more and more 
frees the organism from automatic and instinctive controls and de¬ 
terminants of behavior, and permits the development of reflectioa 
upon the basis of past experience, and conduct, adapted to meet the 
ends winch the organism consciously seeks. 

The Dcopallium has attained its greatest growtli and highest de¬ 
velopment in man, and it is because of the special properties or po¬ 
tentialities of his neopallium that man is able to develop that humanity 
of which he is capable. 

Though the brains of creatures which lived many millions of years 
ago are not preserved, we can, from tlie fossil skulls and the forms 
very like these animals which survive today, reconstruct something 
of the history of the brain. We have seen how enlightening this can 
be for tbe understanding of our own history. The progressive en¬ 
largement of the neopallium and the reduction of the olfactory areas 
of the brain is graphically illustrated in Figure 55, in which diagrams 
of die brain from insectivore to man are shown. 

Eocene lemuroids did not give rise to monkeys and apes. They 
simply transmitted their essential lemuroid character to their lemuri- 
form descendants, displayed to this day in the existing families and 
genera. 

The tarsioids most probably <»iginated from a group of insec- 
tivores similar to tliat which gave rise to the lemurs, but unlike the 
unproductive lemiuofds, the tarsioids seem to have provided the 
material out of which ail other later primates developed. A study 
of the living tarsiers reveals them as epitomizing in themselves, along 
with peculiar specializations of tbe teeth, skull and ankle bones, many 
of the potentialities for the development of all those characters which 
all the members of tlie Anthropoidea exhibit. One eminent student 
of the primates, the late Professor Wood Jones, believed that the evi¬ 
dence suggests that not the manlike apes but the tarsiers are mans 
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closest living relations. The consensus of scientific o|)jiijoii is, how* 
ever, against this view. It is probable that some of tile predecessors 
of the tarsiers stand basically in the line of development of all tlu* 
monkeys, apes, and men, but tlie relationsbrp is extremely disiunt. 
Most of the early tarsioids constitute highly specialized side-branches, 
but there were almost certainly in existence a group of Upper Poleo- 
cenc tarsioids which were ancestral to the monkeys jind apes of later 
geologic times, and these in turn to their existing descendants. 

The geological record of the primates in the Oligocene is very 
poor, bat we do knmv that by the beginning of llmt epoch the pri¬ 
mates of North America had retreated before the advance of the cooler 
weather to Central and South America, wlxere the existing New M’orld 
monkeys, the pUtyrrhini, were evolved Remains of New 

World monkeys from the Lower Miocene arc known from South 
America, chief among these being Homunculus from Santa Cruz in 
Patagonia. 

It is most probable that at tlie same lime another group of Amer¬ 
ican Eocene primates migrated across one of tlm landbridges tiien 
existing between Asia and America, such as the Bering Straits, and 
by this route to tlie Eastern Hemisphere, to give rise to the Old World 
monkeys and apes, the catorrhini. Unfortunatelv the fossil record for 
the platyrrhini is very bare, and apart from the New World such 
fossil remains are quite unknown. It is in the Upper Miocene of 
Europe, and of the Siwabk deposits in India, that tlto chief representa¬ 
tive fossil forms of the Old World monkevs are to be found. 

It appears, tlien, that the Old \^'orkl, as well as the New ^Vo^ld, 
monkeys evolved in the Oligooene. Simultaneously in tlie Old World 
the stock leading to the Antliroiximorpha wus undergoing develop¬ 
ment. 

In the Lower OKgocene of tlie Fayum oasis, southwest of Cairo 
in Egypt, the well-preserved lower jaw of an animal wliich is un¬ 
doubtedly the most primitive known member of the catarrluni has 
been discovered. This lias been named Pmo/nlhecus. Phylogenctically 
Farapiihecua is conceived to stiind in u position intermediate hetivecn 
the Eocene tarsioids and the higher apes. In this animal the pre¬ 
molar teeth were reduced from three to two in numlx-r, yielding for 
the first time the number of teeth Lbaracleristic of the catarrhinc series, 
namely 1%, M 

The ancestral placental mammalian dental formula w^is C ^ i, 
M %. Tlie reduction in tlie number of preniolars ui Pam- 
pitkecus^ from PM of the ancestral placental mammalian dental 
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Figure 55- A comparison of the brains of eight different types of primates, ; 

A) Jumping Shrew (Macroscglid^). B) Tree-Shrew (Tupaia minor), C) Tar- 
rier (Tarsius spectrum), D) Marmoset (CtfDfthris jacchus), E) Spider Monkey 
(Ate}es o^erosus), F) Rhesus monkey (MacoCfl mulstta}, G) Gorilla (GoTiUa 
goriila gorilla), H) Man (Homo sapiens). The brain sizes are not in scale t 
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formula^ suggests that already at this early period tli« miialc and 
jaws were undergoing sliortening, n trend \vliich has re<iclicd ils Eli¬ 
mination in the reduction of these parts of the fact* it mun. Jn the 
Eocene lemurs, tljo Notharclinae, the fourth i>remoW is still retained, 
while the modem lemurs arc characterized bv three prcinoiars. 

Pompitbccus was not much larger th<m ihe modem fnrsier, having 
actually been about the size of a big squirrel. The broad rear of the 
jaw suggests an expanded brain and a short face. Indeed, marn' 
morpbologirts believe that P<Tm;>irAecv/s coastitutos a imssihlt* ances¬ 
tor for the apes and man. 

From the same deposits has been recovered the* lower jaw of an 
animal which is remarkably anthropoid in its cliar*xcters, namclv 
Propliopithecus^ The latter is smaller and much more primitive ihaji 
the Lower Miocene Prohyhbates. a primitive phbon from the Burdi* 
galian deposits at Moghara on the northern edge of the Libyan desert, 
and die Upper Miocene and Lower PJioceric Plwpithfvus of Gosconv 
which in turn closely resembles the modem gflaborv?. 

PropUopitheaiS, judging from the structure of its jaw and teeth, 
constitutes an even Ijetter candidate as an ancestor for the ajws iind 
man than does Parapithcevs. Prohtjlahafes is by some authorities be¬ 
lieved to belong in the same genus v^^th P/iopWhcti/a. 
seems to be somewhat more primitive, hut however this mav be. both 
are so gibbon-bke tliat they may be classed witli the gibboiw in the 
family Hylobatidae. Both ore, therefore, off the main line of develop¬ 
ment leading to the great apes and man; such tv^ws gave rise to the 
gibbons. wlUle a type such as PArapithcrug was conceivably ancestral 
to PTOpUopithectis. from which in him stemmed the various Miocene 
Andiropomoipha which led on the one hand to the existing apes and 
00 die other to man. Ah these inferences arc, of course, based upon 
die fact that, in the ports preserved, the characters are such as wo 
would expect to find in an ancestnil tyjio, 

Portions of the mandibles and teeth of Hwi fossil a|)es. Xcnopii/ic* 
cug and TJmnopithccus, from the I.OAtT Miocene of Kenya Colon)'. 
East Africa nnd in the c-use of lJmno)yiiheaig also from the I/ciwer 
Miocene of Kupak, Northeast Uganda are of animals somewhat mcir<* 
than twice the height of ProjMopithcctiS (which was pnihably not 
more than a foot in height), and wliich with PrAhyJobales and Plio- 
plthecug may well repre.sent contemporary st.iges in divergent lines 
of development from the ProiMopUhcvus stock. 

Among tliese Miocene genera of fossil AntbroiH>mori>hii urn* of 
the most important is represented by Procousnf from the Lower Mio- 
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Figure 56- Prowm^uZ afncanus. (Photo, courtesy Dr. L, S. B. Leakey.) 

cene of Keoya Colony, eastern Africa. Proconsul is now known from 
d localities in Kenya Colony, and from Kapak, Northeastern Uganda, 
Parts of the skeletons of a number of individuals are known, among 
these a remarkably well preserved skull, Tliree species have been 
identified. Proconsul ofricanus is represented by several individuals, 
the best preserved yielding a fairly complete skull, the first such ever 
found for any Miocene ape- This discovery, as well as most others 
of these Miocene apes, we owe to die labors of Dr. and Mrs. L. S. B. 
Leakey. An earlier find had yielded a portion of die tight maxilla 
with upper teeth of the same species. The interesting thing about 
the skull, discovered in 1947, is its rather cercopithecoid appearance. 
The skull is that of an adult, and it is intermediate in size between that 
of a gibbon and a chimpanzee. The skull is delicately constructed. 
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there is ao supraorbiUl tnnis. the nasal bcm's aiv wlutiwly broad, 
the incisive region of the upper jaw is narrow, and l)ie nasal ai>cr- 
ture is constricted, as in the cercopUlu'ttrid monkevs, at its lws*c*r 
extremity. The form of the intnicranial <-j\'jty and the umvolutional 
impressions on the inner aspect of the fronted and parietal l>ones make 
it clear tliat the suJeal pattern of the brain must have conformed 
closely to the cercopithecoid brain. The mandibnlai condyles, as in 
man, are 5ome^vhat outwardly rotatcclj the maixlibtilar s\mphyais 
(the juLCtion in the roiclline of the two sides of the jaw) Is short; 
there is a reduction in the size, and an increase in the breadth Index, 
of the premolars and the first molar; a .simian shelf, the transverse 
plate of bone at the back of the lo%s'or part of tloe mandibular svm* 
physis in the modem apes, is absent; the length of the prcinolar and 
molar teeth is reduced; there is a forward convergence of the tooth 
rows, unlike tlie paralleling or even diwrgence in the modem apes; 
the canine teeth are strongly developed, and the anterior Icwer pre* 
molars have a sectorial form. 

Proconsul mojor is represented by the right side of a mandible 
with the second premolar and all the molar teeth. DiscoNTred by the 
Leakeys in 1947, the body of this mandible is massively contructed, 
and evidently belonged to an animal closely approximating tite gorilla 
in size. 

Proconsul nyanzae, described in 1943 by Mucinnes, was discovered 
by Leakey on Businga Island. This is represented by an almost com* 
plete mandible of an adult with only the right canine and four incisor 
teeth missing. Removed from the same deposits but not found in 
direct association with any of the Proconsul remains were two thigh 
bones, a humerus, part of a clavicle (all found in association}, and 
the foot bones, the talus and calcaneus, of a single individual. Zn 
their dimensions these bones res^blc those of the chimpanzee, but 
in many of the details of their structure these bones more closely 
resemble the ccrcopithecoid limb bones than they <lo those of the 
modem great apes, From the structure of their limb bones it would 
appear that the Ptoconsu.} group was not adapted to an arboreal 
brachiating mode of life. On the contraiy, they' seem to have l^een 
constructed on a quadrupedal plan like the ccrcopithecoid monkey's. 

In 1958, Bishop reported the discovery of a lower second right 
molar tooth of Proconsul nyonuie from Kapak, Northeswtem UR»tnda. 

Clearly the Lower Miocene apes were extremely primllh'e. The 
form of their limbs was of a sufficiently generalized character to have 
allowed the evolutionary development of the locomotor specializations 
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FiBU) e 57. Restoration of Procorisid nyonzae. (From a painting by Maurice 
Wilson. Courtesy, British Museum (Natuml HislojyJ.) 
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of ihi? Pongidae on du*onc IuukI itn<l duw iimdlar (o l)»* Xomhiklai' 
on the other. 

Evidently the derivation of man from a stock which had not pusscil 
through an arboreal stage of cvolutionnry development is quite com¬ 
patible with the view that that stock wjjs of ;mtlirop<)ld type. 

From the generalized Lower Oligoeene tiinioid Pwmpi/hecus it is 
possible that there emerged lines wliich led to the ter^iers» tiu- New 
and Old World monkeys, and the anthropoid PropUopithecua. From 
PropUopiihecua the lines leading to the later anthropoids and to man 
very likely took their origin, Tlie divergent e''olution of the anthropoid 
and hominid lijies may therefore be said to Im’e cxiinnicnccd m the 
Upper Oligocene, about 40,000,000 years ago. According to this theory 
an early anthropoid stage id the evolution of inun is ix)stii]ute<l, with 
Liter andiropoid types tending in the humiin direction, 

Some audiorities interpret die facts to indicate that man never 
passed dirotigh an anthropoid stage of development hut originated 
from cither a tarsioid or generalized catnrrlunc monkey either in the 
Eocene or early Oligocene. Still others hold the vle'v that the separa¬ 
tion of the anthropoid and human lines occurred in the Upper Mio¬ 
cene, some ten to 6fteen million years ago. Tliese audiorities believe 
that the two genera of Middle and Upper Miocene apes, Dnjofiifhecw 
of Europe and Sit'opifhecfiS of Asia, possess the characters to be ex¬ 
pected in the common ancestors of the higher a|>es and man. These 
two genera had an extremely wide range in the eastern hemisphere 
from Spain ia the west to India and Diina in the east, south to East 
Africa, and ev«i to South Africa. At present more than a dozen 
nominal species of Dryopithecua are known, and about half that num¬ 
ber of species of Sivapithgciis. Most of these fossil apes are known 
from portions of their upper and lower jaws and iissociated teeth 
alone, and these parts indicate that these creatures were fairly nn- 
specialized apes. Gregory ond Heilman cite many dental characters 
suggesting that Sioapitheais may he more closely related to the orang 
than to man, while DryopUhccus. the European member »>f the group 
may be nearer to the chimpanzee-goriUa-man division. 

Since these extinct apes are, for the most part, known only from 
their jaws and teeth, and only occasionally from otlxcr }>arts of the 
skeleton, conclusions regarding their phylogcoetic rclutionships have 
had to be draevn from detailed studies principally of the teeth. For 
such studies the scientific world is principally indebted to the funda¬ 
mental work of Professors W. K. Gregory and Mflo Heilman of the 
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Figure 58. Third right lower luolax of gigflnteus, showing 

the Dryopitliecus pattern of the tooth. (After W. K. Gregory.) 


American Museum of Natural History. Such studies yield valuable 
indications respecting such relatiottships, but they are at best only in¬ 
dications. Each of the 32 teeth in the adult dental series, as well as 
each of the 20 teeth in the deciduous or milk dentition, has, as it were, 
its own diaracter. Each cusp, each furrow between the cusps, and 
each fossa and surface, has its special signiBcance. Studied in the 
light of the SigniBcance of each of tliese many dental characters the 
probable relationships of these fossH apes to one another, and of these 
in turn to the later apes and to the family of man, the Hominidae, 
are cogently suggested. 

The DryopUheoue Paitem t>f the Molar Teeth 

The upper and lower molar teeth of all members of the Hominoi- 
dea, with few exceptions, exhibit a particular paitem of cusp arrange¬ 
ment and other features, which in its characteristic form is known as 
“the Dryopitbecus pattern," because it first makes it appearance in the 
Miocene Dryopithecine apes (Figures 58 and 60). If the reader has 
escaped having his lower molar pattern disturbed by the ravages of 
caries he may, with the aid of a mirror, determine for liimself that— 
to take Mj as typical^there are three mein cusps on the occlusal sux- 
face nearest the cheek (buccal 1, 3, 5) and two nearest the tongue 
(lingual 2, 4). Each of the cusps has its own name, reading from 
front to back, as follows: 
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Lower M<^an 

OucmI Border U»s>ia\ Bordet 

I. ftotoeoaia 2. Mrtacoiiid 

J Hypownid 4. Entoconid 

5. HypoeonuBd 

In front of and bchveen cusps 1 and 2 (profoconid ojjd mefaconid) 
IS a crack, depression or fossa, the fovea anterior. Tliis is a remraint 
of the priinirive trigonid of Eocene mammals. rHie fossa lying between 
the posterior cusps 4 and 5 (eijtoconid and hvixioonulid) is tlie fov'ea 
posterior. 

Not infrequently a sixtli cusp is present on the lower molars be* 
tween tlie hypoconulid (5) and the entoconid (4). Sometimes in men 
the hypoconulid (5) is absent, but the sixtli cusp Is pn.*sent, nnd some- 
rimes both cusps (5 and 6) are absent resuJring hi a + or cniciuto pat¬ 
tern of the cusps. In the evolution of in;ui die tendency is for cusp 
8 to be most frequently lost, followed somewhat less frequently by 
the loss of cusp 5 by reiiction or fusion with cusp 3. Negroids iippeui 
to show a higher frequency of reduction of cusi>s 5 and 6 tlian do 
Caucasoids (Figure 59). 

Thc upper molars show a corresponding pattern of cusps and 
fossae. 

Each upper molar consists first of a triangle of main conical- 
pyramidal cusps, protoconc, paracone, ntetecone. secondly of a fourtlx 
cusp, the hypocorre situated at the antcro-lingual border, and thirdly 
of two small crested cusps, €ic profoconuie and wiefacontde, situated 
respectively oa the anteroextcmal and postwoextemal limbs of a 
‘V.*' The /ovcfl anterior is situated berivecn the paracone and the 
protoconule, while the fooea posterior lies between the metacone and 
the posterior cinguUun and the hyj)oconc when the latter is present. 

VtiinT Mfliar.y 

I.inguot Bonier 
Prsrtccone 
Hypuoono 

Such studies enable us to perceive not so much a gradual e>'olu- 
tion towards the hominid type of jaws and teeth, as tlw devehipment 
of a great many variant fonns. Some have manlike anterior and ape¬ 
like posterior teeth or vice cersu, still gdiers ha\‘e such spciiulia'd 
canine teeth tliat, because of their resemblance to those of the chim- 
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Ffjcure 59, Human lower jovms, \vilh the molar teeth showing the Dryopithe* 
cus patlem. A, Australian aboriginal female. B, American Indian from 
TarnscD. Norfhem Mexico. C, Americau Indian from same vicinity. (From 
Gregory and Heilman. Courtesy. American Museum of Natural History.) 

panzee and gortlla, we are led to believe that some such types must 
have been ancestral to the modem African apes. On the other hand, in 
certain members of the Drvopithocus-Siwpifhectis stock, such as 
Dn/opithecuf rhenantts and Siwpithecus siuflleneis, the dentition has 
retained many primitive features, and is of sudi a nature that it would 
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take but a few sliglil modifications to produce the cliariictcrjslie den¬ 
tition of man. Nevertheless, even tliese forms ediibit specializations 
of the caDine and first premolar teeth which render improbable their 
being in the direct line of man's ancestry. Vryopithecin, for example, 
has sectorial preinolars, while the older ?ropliopiihecu$^ like later 
Homo, has bicuspid preniolars. For some authorities this difiereoce 
is alone sufficient to exclxtde Dryopithccin from tlie ancestry of man- 
The common ancestor of man ajid the great apes must have been 
a relatively \inspeciabzed small ape, and precisely such an ancestor 
is supplied by the Lower OiJgocene Proph'opif/icof/#. 

The erroneous notion is occasionally encountered that scientists 
believe man to be descended from one or another of the living great 
apes. Such a view is quite contrary to what scientists in fact believe. 
In The Descent of Mon (1871) Darwin took special pains to empha¬ 
size this point, saying must not fall into the error of supposing 
tliat tlie early progenitor of the whole Simian stock, including man, 
was identical with, or even closely resembled, any existing ape or 
monkey " The accumulating evidence since Darwin’s day indicates 
ever more clearly that man and the Uving great apes are collateral, 
and not lineal, descendants from die same stock. Since their diver¬ 
gence from the common ancestral stock tliey have pursued their evo¬ 
lutionary patlis quite independently of one anotlier, 

Gigantopitheem bUicki. Between tlie years 1934 and 1939 von 
Koenigswald found, in the drawers of Hong Kong Chinese apothe- 



Figure 60. First left upper molar of Dryopitheciis piinfahictis, (After W. X. 

Gregory.) 
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Fip're 81 Aiithropmcl ape losver jaws shcrtviiig the Dryopithecus pattern 
of the molars. A & M. chimpun?ees. C, CcriJla goriUa betingei. (From 
Gregory and Heilman. Courtesy, American Museum of Natural H«tory.) 

cary i^hops, ilwee wan-like molar teeth. These ccmsisted of right and 
left lower third molars belonging to different individuals, and an 
upper molar most probably belonging to a third individual. The size 
of the teeth is enormous. The volume of the aovm of the lower third 
molar is about six times larger than the average crown of the equiva¬ 
lent tooth of modem man, it is almost twice ;« large as the corre¬ 
sponding tooth of the gorilla, and about one-third larger than tliat of 
Meganthropus. Dr, von Koenigswald considered that the first re¬ 
trieved lower molar was tlxat of a giant anthropoid, and so he named 
the aeature to which it belonged Gigonfopithecus (and in Ixonor of 
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DAvidiOJJ Black wI>o djscowrwl iho first tooth <>( Shuiu/hwjius 
similAT conditions) }>l<icki. \\'<HcU*nreicirs study of all llmni (ceth led 
liim to the conclusion that were* tlwsc of an early giunt form of 
extinct man. But on both counts, t)i<it of gigantism on the one hand 
and hominidity on the other, Weidenroicli is probably in error. 

Early lq 1957 the mandible of another Gignntopiihecus wts dis* 
co^^red, having been uneartlied from n high cliff cave by a peasant 
while digging for “dragon^bones" at Lucheng in Kwangsi Province, 
South China, in a Middle Pleistocene formation. Tlw rami of the 
mandible and the body behind the second molar teeth are missing, 
otherwise the mandible is perfectly preserved together with all the 
teeth excepting the left central incisor and the third molars. The 
canines are massive, in man they are small, PM, is narrow and com¬ 
pressed as in apes rather than molariform as in man, which sxiggests a 
large maxillary canine. The molars arc longer than tloey are broad, 
and the second molar is larger than the first, there is also a simian 
shelf, all traits characteristic of apes, but not of homiaids. Or. Pei 
stresses the fact that the mandible and teeth are more like tlioje of a 
manlike ape than of a man. 

Gigansopithecus was apparently a very robust ape, but there is 
not the least reason to believe that he was a giant of twelve or thirteen 
feet as some imaginative writers have suggested. Liirge teeth and 
robust faws axe quite compatible with small stature. Indeed, Gam 
and Lewis have quite conclusively shown that there is no correlation 
whatever between size of teeth and body si 2 e. Large teeth need 
massive jaws, but do not require long legs or large bodies. So far 
as the anthropological evidence goe.s there never were any primate 
giants. (See Table IV, p. 130). 

Broom and Robinson consider that Giganlopithccus belongs with 
the australopitheciues, a group among whom the average height of 
the males was about 159cm (5 feet 1 inch). 

The age of Gigontopitheats is apparently lower Middle Pleisto¬ 
cene. 


The Auetralopilhecmae 

It is most fortunate that in the last quarter of n century knowledge 
has become available of a stock which had already almost passed over 
into the Hominidae; this is represented by the subfamily of australo* 
pithecioe apes of South Africa. 

In the Pleistocene of South Africji there have lK‘cn fotmd the 
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Fipire 62. Austrahpithecus africanus (right side reversed). 


fossil remains of several manlike apes, Australopithecus africmus, 
AustralopitheiMS pronietheiis, Plesianthrcpus transvaalensis, Pararu 
Ihropus rohustus, Parmthropiis crassUiens, and Telanthropus capensis. 
Tlxese arc extremely important finds, for they represent stages in 
evolntion at which an ope is seen almost in the very process of merg¬ 
ing into man- 

The juvenile skull of AustraJopiiheass was blasted out of a quarry 
at Buxton, Taungs, in Bechuanaland in 1924. The age of the formation 
from which it came was tliou^t by Broom to belong to the Middle 
Pliocene or the lower part of the Upper Pliocene. The evidence, 
however, does not support an age older than the Lower Pleistocene. 
The almost complete skull, with the milk teeth and first permanent 
molars in an excellent state of preservation, is equivalent iit age 
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to a modem child of six j'ean, Tlic toeth *ut 3 rcmurkiibly manlike 
though tljeir size exceeds tluit of mf\n. Tl;e premaxilla is well de¬ 
veloped, as in anthropoids, and there is a t>'pical anthropoid pre¬ 
maxillary diastema, the space io the upper jjnv between the lateral 
incisor and canine tcctlx, measuring some 4.2 mm. Cranial capacity 
is 500 C.C., with estimated cranial capacifx' for the adult of 600 c.c. 
(Figurc 62). 

Pletiantliropus was blasted out of a cave at Sterkfontein io the 
Transvaal in 1936 from a deposit of Middle Pleistocene age. At that 
time the remains of at least four and jiossibly seven individxuils ^vc»re 
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Figure 64. Skull of fU^anthropus Irensoaakrais- Found April 18, L947. 

(Courtesy, Dr. R. Broom and Dr, J. T. Robinson.) 


recovered, Those include Ihe nearly complete skull without mandible 
of a young male, the almost perfect right maxilla of a female, the 
crushed and fragmentary skuU of an old male, and part of the mandible 
of a young male. Teeth were well represented, and the manlike post- 
cranial hones were represented by the lower end (with part of the 
sliaft) of a f«nur, part of a digital bone, and one wrist bone (capitate), 
On the facial portion of the skuU the remains of the premaxillary 
suture are visible, and also a small prema-xillary diastema between the 
lateral Incisor and canine. The canine teetlt, judging from the preserved 
lower left one, are well developed and project beyond the level of the 
remaining teeth, but more closely resemble the human than they do 
the anthropoid type. The tliird permanent molar had fuUy erupted 
and showed signs of wear, while the coronal and sagittal sutures were 
still completely patent, thus su^esting a growth pattern comparable 
to that of man. The cranial c-dpacity is 560 c.c. (Figure 63). 

Id April 1947, within a few feel of the 293$ discovery, Broom found 
part of the upper jaw of a young male, the upper jaw of a child of 
about diree years, the iipi>er canine of a male of about 30 years, the 
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lower molar of a female of abmit 40 ywu^, the complete skull, without 
mandible and teeth, of on elderly female, and later the manlike pelvis 
and upper half of a femitr. All are assigned by Broom to Plesianthropus. 
The milk teeth of the child, according to Broom, iue practically iden¬ 
tical with those of tlw Bushman child (Figures 64 to 67). 

Paran/hropu^ robiishis was found at Kromdraai, two miles east of 
Sterkfontein, in 1938 in a Middle Pleistocene deposit. T>vo individuals 
are represented, the greater part of the skull of an adult male to¬ 
gether with the lower end of a right humems, a porbon of the right 
\ilna, a left metawirpsd witli two phalangeal bones, two foe bones, 
iind a talus. The remains of the second individual arc represented by 
a much weathered mandible of a three or four year old child with the 
milk teeth in almost perfect condibon. Tl»e mandible was found some 
four feet from tlxe adtilt specimen. As is xisual in adult anthropoids 
the premuxllln is united xvitS the ina.Kilhi, and it is quite evident that 
the premaxilla was of the anthropoid type, with a premaxillary diastema 
of about 3 0 mm. lo man the premaxilla is completely overgrown on 
tire face .save In a small number of infants in which the apical portion 
of the premaxilla is partially visible; a diastema (with the exception 



Figure 65. Fiontal view of skull of PJcahinthropus transvAolensis. (Coxirtesy, 
Dr. R. Broom and Dr. J. T. Robinson.) 
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Figure 68 (Left)- Inner side of right pelvic arch of Plesianihropus trans- 
vaaleniis. A small part of the iliinn has been gnawed o9. The pubis and part 
of tits isclu'uin have been broken and displaced. Found August 1, 1347. 

Figure 67 (Right). Outer aide of right pelvic arch of PUifanihropus irans- 
vcalensls. Photographs of pelvis as found. (Photos, courtesy of Dr R. 
Broom and Dr. J, T. Robinson.) 


of Pithecanthropus robuslvs, see p. 164) is normally never present 
in man. The cranial capacity of Parantkropus rohustus is 650 c.c, 
The evidence provided by the limb bones of Plesianthrojtus and 
Paronthropus indicates that they habitually walked erectly or nearly 
erectly and that their bands were of the hominid type, being in no 
way adapted for the middle-knuckle obliquely quadrupedal manner 
of progression cbaracteristic of the great apes. The pelvic bones of 
Australopithecus and Plesianihropus prove that the erect or nearly 
erect posture was habitual to die ausCralopithecines. The small brain 
of these australopithednes, scarcely larger than that of the gorilla 
or cliimpanzee, associated with manlike limb bones makes it quite 
clear that in the stage of evolution represented by these australo* 
pithecinee the erect posture had already been attained when the brain 
was still of ape-like proportions. At this stage, too, the teeth were 





THE ORICIK AN1> EV'OI.VTION OK THIS nUMATITS J2I 

already dlsfincdy nwnlikt*, It has l>een tbut these fueb slip* 

port the Inferences wliicli have been clranTi from the evidence of 
comparative anatomy that many of the cliaracters of the living ant)iro- 
poid apes, such ns tlxe tiisk^Iike canines and the large incisors siccoin- 
panied by the mandlbulai' simian shelf, tlic exaggerated development 
of the sup-aorbital torus, the poiverful hrachialing arms, and certain 
feafores of the huidliinbs, are to be regarded as alierrant specializa* 
tioDS, and not ns priinitii'e features to be sought for in tlie ancestors of 
man. 

It is, indeed, highly probable dial these characters were absent in 
tlie immediate prehuman stock which gave rise to man, and it is 


Figure 68- Paronthropiis Tobustu>i. {Re<lra\vn after Broom,) 
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Figure 69. Australopithecus i>romctheus. Tlie cmino-£Qda! fragment in four 
views. Anterior (upper left), lateral (upper right), palatal (lower left), 
fr«« above (IcAver right). {From Dart Courtesy Am, /. Phys. Anthrop.) 


agreed by almost all authorities, that tlie liviog anthropoids exhibit 
highly specialised characters which were developed ofier their diver¬ 
gence from that much earlier stoch from which they originated together 
with the line which led to man. A distinction must be recognized 
between the remote antliropoid stock from which die line originated 
which led to man, and the anthropoid stock from which he immediately 
originated. Whether the former was a brachiating type remains to be 
determined, the latter was almost certainly not. 
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Tite attainmoQt of homuu<l or luiiniu) status is aAsociatPcI with the 
follosving three attributes: (I) the erect bipe<lal posture; (2) virtually 
complete ernancipataou of tlie hands; and (3) speech. Tlie australopi- 
thednes had attained the first two; tliey virtually appear to have 
achieved the third. 

In September 1947, a calvaria] fragment of another australoplthecid 
was found in a deserted limeworks dump on the farm Xlakapansgat 
some 13 miles northeast of Potieteranist in the Central Transvaal, 
about 200 miles to the nortlieast of the TaungS'Plesianthropus district 
of the Southern Transvaal, South Africa. The fragment consists of 
the major portion of the occipital bone, including most of the right 



Figure 70. Craniograms of Aiatralopithecus africanus (infant) 

Australoj^hecus pformtheus 5_, and Parenthroput robuetus i - _ 

One half normal size. (From Dart. Courtesy Am. /. Phys. AntliTop.) 
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Figure 71. Cr:u)iograin$ of AuetralopUhecus prcmetheus , 
thropus trarwiuilensii $ .-.-.-jand Paranthro^yns rohustus 

One half natural size. (From Dort. Counesy Am. /. Pkys. Anihrop.) 


margin of tlic forajnen magnum and the posterior third of each of 
the parietal bones. It has been identified as having come from the 
basal gray fossiliferous slratom of the Cave of Hearths. This, together 
with the associated mammalian fauna, Indicates a late Villafranchian 
or early Pleistocene age. 

The bones are those of a mature adult and are e^rtremely thick, 
varying between 6.0 and 13.0 mm,, the base of the occiput is very 
broad, there is a moderately developed occipital torus, a transverse 
occipital suture is present, the e>rtemal occipital protuberance is in* 
feriorly situated in relation to the point which marks the most distant 
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one from die front of the sVull (the opistlxocraiuon), the ccTebral 
surface of the occipital bone is 5030 inm,- as compared with 664 mm.- 
in the chimpanzee. AH these features arc* claimed by Dart to distin* 
guish this fragineut as luimaji, and he h«is assigned it to a new species 
of the austrulopithccine grotip» nameh’, Ai/sfrrWoplfhcc*ns prometheus^ 

Avsfi'ahplthcuus pmnwlbeus was u small tuifmal. but its cranial 
capacity was not less than 650 c.c. 

Dart makes the startling claim that the evidence incUcsiles Aiistrah- 
pithsGUi promelkem was a big game hunter, who not only used bone 
implements, but was also acquainted with fire. Numerous smashed 
skulls and split bones of almost ever>' type of big game characteristic 
of the eastern riverine savannah testify, Dart l>eliev*es, to the htinflng 
skill and manual dexterity of this species. That the prometheuns used 
fire Dart believes is suggested by the chemical and microscopk analysis 
of glassy and ashy materials and charred bones excavated from tlte 
basal gray bone breccia. 

In July 1948, some 20 feet from the site in which the occiput was 
found, there was discovered the almost perfect body of tlie mandible 
and dentition of an approximately 12 year old adolescent AtiStrahpi‘ 
thecus promeiheus, TIjb jaw is chinless, and a simian shelf is not pres* 



Figure 72. Adult female mandible of Austrahplthcctu pmmrlheus, sltow- 
iiig occlusal view of the teeth. (From Dart. Courtesy, A»i. J. Pliijs. 

Anthrop.) 
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enl. The fonn and crown patterns of the teeth are even more human* 
like than those hitherto described in any previous rtustniloprthedne 
resembling most dosely those of Heidelberg man and Sin^Jfihropus. 

In July 1053, the major portion of an undistorted adult, probably 
female, mandible of Au$trahpithecn$ premetheus was recovered from 
the limeworks dump at Makapansgat. All tlie teeth are present with 
the excepbon of three molars from the missing left side of the jaw. A 
third molar, described in 1949 from this rite, is believed to belong 
to this mandible, so that only tlxe left first and second molars are 
wanting. The jaw appears to have been fractured beliind the right 
diird molar either a short time before death or shortly thereafter, The 
jaw is very robust, having a shortened body and a relatively narrow 
high ascending ramiis. At Mj the thickness of the mandible is 20.5 
mm., which is practically the same as in the adolescent specimen which 
is 21 mm. The height of the mandible in the adolescent specimen is 
24 mm. at tliis point, while in the adult it is 34 mm. In the Mauer jaw 
the corresponding measurements are 20 x 34, almost identical Com¬ 
parative figures are: Pnranthropus rohit^us adult male 24,5 x 37. 
Tlic incisors are almost vertically placed, also as in man is smaller 
than Mj. The attritional wear of the teeth indicates that the movement 
of the jaw was horizontal and grinding, and not vertical and cutting 
as in the living apes. The canine teeth ore small, and there was clearly 
neither a premaxillary diastema present in the maxillae nor a post¬ 
canine one in the mandible. Dart points out die remarkable resem¬ 
blances (while alloNsing for the difierences) of this mandible to the 
sinandiropinc mandible. 

Tlxe hunting skiU attributed by Dart to the austTalopithecines has 
been qiiesboned. The accumulations of smtushed skulls and split 
bones of other animals could well have been due to the activities of 
carnivores, including the bone-accumulating hyena, whose fossilized 
remains are found in the australopitliecine depa^its. Among the onl* 
mats catcu by such carnivores may well have been the australopithe- 
cines, so that if they were htmteis they may also have been the hunted. 

As for the australopitheclne use of fire, Oakley, who lias studied 
the evidence on the spot, considers it more than doubtful, but even 


Figure 73. A growth series of australopithediie lo'ver jaws. The mandible 
of the 8ix*year*oId Australopithecus afrlccnui (below), the adolescoit male 
AuHralopOhscus promslhsus (cecler), and adult female AustralopHhscus 
promstheus (above). (From Dart. Courtesy, Am. /, Phys. Anihrop.) 
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if it were confirmed such fires could have occurred quite naturally, 
as such fires have been recorded to have occurred elsewhere, by a 
nahufil grass fire igniting infiammuble bat*gnano at tlte entrance to a 
cave. 

Recently Dart pxiblishud un account of four antelope cannon- 
bone scoops from the anstraJopitliecine breccia at Makapansgat Lime- 
works which I>ear m ertraordinary resemblance to old English apple- 
corers. Dart sunnises that tliese scoops were made and used by aus- 
tralopithecines to scoop up fiesh, fat and other fluid pulps, and to 
serve as conveyors of them to the moutlis of toothless infants and aged 
austtalopithecines, But tliis is an interpretation which must be held 
sub fudice until furtlier evidence becomes available. 

In November 1948 Broom discovered a massive fossil manlike 
mandible in the deposits on the Swartkrans farm, about a mile from 
the main Sterkfontein quarry. Two perfectly preserved upper incisors 
and an upper canine were also found some 10 feet from the site of 
the mandible. Broom bebeves these teeth to belong to another in¬ 
dividual of the same species. Tliese teeth, according to Broom, are 
almost typically human, though a little larger than most human teeth. 
Tlie teetli in tlie mandible are relatively large. 

Broom believes that the Swartkrans find is related neither to Aus- 
trahpithecus nor to PlesUinthropus, but is allied to PamnthropttS. On 
the basis of its distinctive characters Broom has assinged the remains 
of diis robust ape-man of Swartkrans to a new species of the genus 
Pfuanthropus, namely, Paranthropus ornsstdens. 

During 1949 and 1950 Broom and Robinson discovered many more 
remains at Swartkrans of Paranthropus crossulens. Many skuUs arc 
now available, two almost complete, three perfect lower jaws, and two 
complete but somewlxat crushed skulls of children of about seven 
years of age. Imperfect skulls of half a dozen other individuals and 
some 300 teeth, the well preserved right half of a pelvis, and various 
other bones of the skeleton have been recovered. 

The incisor and canine teeth are typically human in form and size, 
the premolar and molar teeth, however, while human in form are 
much larger than in modem man. The lower jaw in some of the 
female specimens has quite a distinct human chin. The massive lower 
jaw is associated with a well-developed sagittal crest, to which the 
temporal muscles which move the lower jaw are attached. This sagittal 
crest on top of the skull is similar to that which is seen in the male 
gorilla. The orbits are overhung by a confluent supraorbital torus, and 
the large, fiat face terminates in a prognathous upper jaw, upon which 
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tl>e premaxilla is quite as evident as it is in any of the apes. A pre* 
maxiUary diastema is. however, not present- This is an extremely inter¬ 
esting fact, for it indicates that in the evohition of man the canine 
tooth first underwent reduction, that this was later followed by reduc¬ 
tion of the premaxillary diastema, and that tiae early fusion of the 
facial portion of the premaxilla with tlie maxilla occurred with the 
reduction o£ pingnathism. That this represents the probable course of 
events is borne out by the fact that in Fithecuiuhropw rohiislus the 
canine is reduced, but the premaxiUary diastema remains well devel¬ 
oped in the male, as presiunably does the facial portion of the pre- 
maxilla. The mfcrence from this would be that prognathism was more 
marked in Pitheconthropvs rohushis than in Pitbecantkropui erectus 
in whom the canine teetli and the premaxillary diastema were reduced. 

Broom estimated the cranial capacity of Poranthrepus crassid^ns 
to be well over 900 cc., in the males possibly as high as 1050 cc, thus 
falling within the range of man. But these estimates appear to be 
excessive. 

Tlie whole right side of the pelvis of Paro}iihropu9 crassidens has 
been recovered. This is entirely manlike, except for the form of (he 
Ischium which is more like that of an ape. From the form of the pelvis 
as a whole it may be concluded tliat Paranthropus cffusidens habitu¬ 
ally walked more or less erectly. 

We have, then, in Paranthropus craseidens a being with a brain 
approaching that of man, a lower jaw with a manlike chin in several 
instances, manlike teeth in both jaws, and a manlike pelvis, but with 
a skull retaining many apelike features such as the sagittal crest, the 
supraorbital torus, the facial prem axilla, and an apelike nose. Is it 
ape, ap^man, man-ape or man? Whatever we decide to call Pomn- 
thropus crassidens tills form represents one very like that from which 
man bimself may have originated. 

In the stunmer of 1949 Robinson nnd Broom discovered at Swart- 
krans the crushed complete skull of a young male of about 7 years 
of age, the very robust, almost perfect, lower jaw of a male together 
svith the lower part of the face, and the upper jaw and palato with 
the premolar-molar teeth in stft/, all referred to Paranthropus crassi- 
dens. 

That robust manlike fonns lived in Sorith Africa during the Pleisto¬ 
cene, and probably earlier, need not surprise us. We know such forms 
from Java and North Africa, namely Meganthropus and AtlanthrQpiis> 

What is the meaning to be attached to these robust-)a>ved forms? 
Were they giants? As we have already observed robust jaws do not 
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in tlie least mean that the rest of the body must have been robust. It 
must be reflated that there is cot the slightest reason to believe that 
any giant primate ever existed. All the evidence we have indicates 
that throughout the history of man his stature has never exceeded, nor 
fallea below, the range of variation for stature that characterizes the 
human species today. Aa may be seen from Table IV, if anything 
there is a negative correlation between size of teeth and stature—the 
larger the teeth the shorter the stature and vice versa. The Oiith, how* 
ever, is that stature is not determined by the size of the jaws or teeth, 
nor is it correlated with them. 

In the cave at Swartkrans which yielded the jaws and skulls of the 
lobust'jawed Parajithropus crassidens, on April 29, 1949, Dr. J. T. 
Robinson found the lower jaw of a new manlike form. This has been 
named Tei/mthropue copensis. The jaw is nearly perfect except for the 
loss of most of the left condyle and the whole of the right A very 
small part of the lower symphyseal region is lost The general appear¬ 
ance is not unlike that the Heidelberg jaw, according to Robinson 
and Broom. The ramus is broad but short, and so is the cranio<audal 
extent of the body. The height of the jaw from base to condyle is 
55.0 mm. There is no simian shelf, and the mylohyoid groove runs 
up to the mandibular foramen, as in human skulls. The teeth are 
slightly larger than human. The third molar is the largest of the series, 
unlike man. The indsors and canines, so fax as can be judged from the 
sockets, are human in form. In fUskmtkropus transvaalensis the three 
molars measure in the male about 43.0 mm.; in Paranthropus robustus 
about 45.0 mm. In Paranthrepus crassid4rts about 51.0 mm., while in 
Telanthropus caperxsis they measure 38 4 mm. In South African native 
the molars measure 35.0 mm. 

Robinson and Broom regard Telanihropus capensis as possibly 
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allied to Heidelberg man, and as intermediate between ape-man and 
true man. 

In August 1959, Robinson reported the discovery of some 228 
stone artifacts in the Sterkfontein red-brown breccia not far from the 
original site of the austraJopItliecines. All but one of the artifacts are 
composed of materials which are not native to tlie site or the immediate 
vicinity of the find. The indristry is not of the most primitive type. Some 
of the more advanced artifacts represent a late Oldoway or very early 
ChelJes-AdieuI stage in the South African Stone Age sequence. These 
artifacts could not have been made by australopithecines, and Robin¬ 
son suggests that they were made by a “euhominid" (true man) like 
TebrUhropus. This is quite possible. However, it is dso quite possi¬ 
ble that the australopithecines were living coutemporaneously with 
hominids who were responsible for making tliese tools. Even more 
interestiog was the recovery of a bone implement from this site in 
June 1958. This consists of a long bone which had been split longi¬ 
tudinally. One-half was then broken in a manner which produced 
a pointed end. The broken surfaces leading to the point have become 
polished completely smooth. Length is 9% cm., width 3 cm., and 



Figure 74. Left lateral views of innominate bones in cbimpansee (left), 
Ausiraloprthecus prom^hetis (center) and Bushman (right). Male adoles¬ 
cents taken from dioptographic tracings of the assembled pelves. (From 
Dart. Courtesy Am. /. Yhijs. Anthrop.) 
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thickness cm. Tlie wjs originally longer than its present 

length, having been broken and lost in excavation at its butt-end. 
Bobioson believes that this implement may have been made by 
Telanthropus, but acknowledges that it mny be of austi'alopitlieclne 
origin. 

In June 1949 Dart published a doseriplion of the craniofacial frag¬ 
ment of an adiJt, probably female, aiistralopithecine skull from the 
Makapansgat X.iine\vork.s dump. By ingenious casting it was possible 
to restore tliis fragment sufficiently well to obtain a good idea of tlie 
form of the face, palate, and teeth, as shovm in Figure 69. The frag¬ 
ment probably belonged to the same individual whose occiput formed 
the holotype of Australopithecus prometheus. The maxillary premolars 
and the first and second molars were preserved in situ. The craniograms 
shown in Figures 70 and 71 indicate how closely Australopithecus 
prometheus resembles Australopithecus africanus^ 

In the same month, June 1949, Dart announced the discovery, at 
Makapansgat, of an almost complete left ilium and tlie major portion 
of a right ischium of an australopithecme adolescent, which may have 
bebnged to the same adolescent individual whose mandible was found 
in the same dump of breccia, and which was referred to Australopi¬ 
thecus prometheus. As may be seen from the dloptogrnphic drawings 
shown in Figure 74 the pelvic bones of this austrolopithecine are 
strikingly manlike, closely resembling those of the living Busliman and 
difiering markedly fium the anthropoid chimpanzee pelvis. The pelvis 
of Australopithecus prometheus is more manlike than that of Plesian- 
thropus discovered at Sterkfontein, some 200 miles southward in the 
Transvaal. Dart points out that the extern nl iliac surface is anteriorly 
and medially rotated in Australopithecus prometheus, a fact which 
shows that the gluteal muscles necessary for the maintenance of die 
erect posture were disposed on the lateral aspect of pelvis and thigh 
essentially as in man. The indications are. therefore, that Australopi- 
ihecus was capable of standing and wallang erectly in approximately 
human fashion. 

In June 19.S0 Broom and Robinson announced yet another discovery 
in the main deposit of the cave at Swartkrans, the very same deposit 
from which the remains of at least 10 individuals of Paranthropus 
CTOssulens have thus far been recovered. The discovery represents a 
considerable portion of the right side of a lower jaw with the first and 
second much-worn molars m situ. Broom and Robinson believe the 
jaw to be the relict of an early man, and they are certain that it is 
contemporaneous with Paranthropus crassidens, though manifestly 
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lopiCh^cine, (MocIifieH after Oak* 
hiblishing Co.) 
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Figutt 7$. Upper jaw of a iiewbuni mule (Amerioan Negro) showing A, a 
portion of tlie premaxilla upon the facial aspect of the skull, and B, the 
whole of the ascending process of the prema:d)Ia within the nasal fossa. 
(Autlior’s specimen now in the Anatomical Museum. Oxford University,} 


diffeimg from that fonn both in size and in other characters. The new 
jaw does not difier very much in size from that of TeUmtfiropus cd- 
pensis, and the discoverers are uncertain as Co whether it may belong 
to the latter spedes or not. There is no simian shelf, and the front of 
the symphysis was probably rounded. The jaw is rather deep towards 
the ftont of the body, but is not more massive than ia most modem 
jaws. The first molar measures about 12.3 mm. in length, and the 
second 12.0 mm. in length and 12.3 mm. in greatest breadth. 

In the Australopithecioes it seems fairly evident that we are deal* 
iZLg with a single genus represented by several polytypic species. 

Gregory and Heilman believe that the austraJopithecine group were 
derived from the Dtyapiihecus-SiodpUhtaJS stock of tiie late Tertiary, 
and that they represent the conservative cousins of the contemporary 
human branch. On the other hand, Weidenreich, and also Broom 
and Schepers believe that the australopithecines separated from the 
typical anthropoids at a pre-diyopithecid stage probably as early as 
the Lower Oligocene and that the earliest hominids, possibly the pithe- 
canthropoids, arose from a form very near to Aurtralopithecw in the 
Pliocene. 

It has already been mentioned that the size of the teeth in the 
australopithecines is somewhat larger than are the teeth of any known 
form of man, with the exception of Megantkropus paladcjavanicus 
(see p. 160), otherwise they arc remarkably manlike in character. 
This difierence in size is regarded by von Koenigswald as significant, 
for the larger teeth of the australopithecines, according to him, must 
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be regarded a$ a spedalization which precludes these Coims from being 
ancestral to man; the size of tlie teeth in relation to the size of the 
brain indicating an animal too large to be an aniostor of man. 

The fact, however, as that during tjie process of evolution teeth do 
undergo a reduction in size, nnd as for bodily size Broom has esti- 
lUAtcd tliat the atistralopithecines were small anamnls w*eighing be¬ 
tween 80 and 100 pounds. 

It is quite possible that the australopithecane.s pursued a parallel 
evolutiou with early meu since Lower Pleistocene times, and may ev-en 
ha\'e originated from a common Pliocene ancestor. In the latter case 
they would best be regarded as a side branch stemming from the main 
line which led to man. 

Wood Jones (1947) has lu-gued that since the preinuxilla is of 
aiilhropoid type in the australopiihecine.s man could not have origi* 
iiated from such a stock. Tins argument is of doubtful cogency, for 
only the very sliglitest generic clumgcs would be required to trans* 
form tbe australopithecine into the hominid type of upper jaw. In the 
evolutionary series immediately leading to man it would appear that 
so far as the upper jaw is concerned there was 6rst, a reduction in 
the size of the canine teeth (e.g., Ai/efrolopifftccue), followed second, 
by early fusion of the premaxilla with the maxilla with retention oi 
the premaxillary diastema (PHhecanfhropus robu#ff«). and third, 
complete reduction of the premaxiJlar.' diastona (PUliec/tnthropus 


f 



Figure 77a. Cnuuo*facial aspect of tbe drull of a while infant aged about II 
months showing the apicAl portion of the premaxtila separated from the 
maxilla. Within the nasal cavity the premaxilla and its suture (indicated 
here by a white line) are clearly visible in their entiret>'. (Atithor's speci¬ 
men.) 
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Figove T7b. Right kiUml view of the flesianthropus nitd Zinianthropus 
skwDs. {From Leakey, Coiuiesy, Ifhntrated Lomhn t^eiog.) 


crectiis or SirwJii/iropjij). Furthennore, to judge from the clxaracters 
of the mandible of AustraJopUhecu$ proinetheus it is quite likely that 
the premaxillary diastemn had disapiJeared in, at least, some cf the 
members of that group. 

It is probable that the hominid type of upper jaw has been derived 
from an anthropoid type of upper jaw in which the premaxilla was 
suturaUy separated upon tlie face from the maxilla. When in early 
fetal life dje fusion of premaxilln with maxilla has been retarded the 
relationsliip between these bones are seen to be exactly as in the an¬ 
thropoids, and differing substantially from the condition seen in other 
primates, at least, as far as the form of the suture separating the two 
bones is concerned (see Figure 73). Furthermore, portions of the 
premaxilla may occasionally be seen on the facial aspect of human 
craiu'a as late as the fifdi year (Figure 74). 

Zinjanthropus boisei: An East African Australopitheciue Tool- 
Maker. On 17 July 1959 Mrs, and Dr. L. S. B. Leakey discovered the 
skull and shin-bone of the earliest known tool-making hominid. The 
find was made in a Lower Pleistocene deposit in Olduvai Gorge, 
Tanganyika Territory, East Africa. Tl:e skull, which is almost com- 
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plete, was dug out of a living floor associutwl \vith priinitiw sKitk* 
artifacts, of a type which have been foimtl in the lowermost bed of 
Oldiivai Gorge on and off for dnrty yenrs by Dr, I.eakey and otliers. 

ZUiffinthropus bolsel (“Zinj" after the clussicul Arabic name for 
East Africa, and the specific name after an English benefactor) is 
represented by an almost complete skull witliont mandible, and the 
larger part of the tibia, l^akey s approximate measiuements indicate 
tile proportions of the skull: 


Lengdx from inion to glabella 174 mm, 
Greatest breadilx at supra-mastoid torus 13fi mm. 
Greatest breadth of hraincscse on squamosal element 118 mm. 
Height from basion in Frankfurt plane 98 mm. 
External orbital angle width 122 mm, 
Interorhital ividtlj 32.5 mm. 
Postorbital width 88 mm. 
Palate Icngtli from incisors to retromolar plane 84 mm. 
Palate width at second molars $2 mm. 
Palate width at first premolars 82 mm. 




Figm-e 77<I, Gorilla find Zinfunthropus skulls coirspured. (From Leakey. 
Couitesy, lUiistrated London News.) 


Length of premolar-molar series 72 mm. 

Teeth in mm.: V: 10 x 8,7 x 7, C: 9.5 x 9. PM*: 

17 X 11.5, PM^: 18 X 12. M’: 18 X 15.5, M^: 21 x 17. 

M*: 21 X 16. 

The skiiQ Is that of a youth between 16 and 18 years of age. The 
sutures are all patent, and the cranial capacity, which at the time of 
svriting has not yet been firmly determined, is estimated at somewhat 
over 600 cc. Stature is estimated at not more than 4 feet 9 inches. The 
skull is strikingly constricted postorbltally (stenocrotaphy), thus mak¬ 
ing the temporal fossae very large indeed, an arrangement in perfect 
harmony with the large temporal mttscles which filled them, as indi¬ 
cated by tlxe presence of the sagittal crest to which they were at¬ 
tached. The sagittal crest is well developed as in Paranthropus cras- 
ilderis and in the living gorilla. There is practically no brow, the 
supraorbital torus is massive, the interorbitaJ width is enonnous, 
32.5 mm., and exceeds that of the pyriform (nasal) aperture. The 
nasal bones me long and narrow, and are broader superiorly than 
they are inferiorly, and are only slightly elevated at the median ridge. 
The face is long and wide, the frontal processes of the maxilla are 
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quite wide, c-ontribuling n,ost lo tlie great infcrorbit^il widdj Tlio 
facial and zygomaHc porlions of Ihe maxilla are cnormoti.^, as rs the 
depth of the body of the maxilla. Tlie pHlatc isr exceedingly higli. 
It IS aurpnsjng to find a stiongly developed anterior nasal spine in 
so prognathous a faw. and Nvith so unsliarp an inferior nasal margin 
Tlie ciinines and incisors are as small as they are in contemporary 
jnan, and tliere is no pi'emaxillary diastema. Tlie prc'molurs und molars 
are, however, veiy large. All the teeth are in situ, perfectly prewvod 
and slxow evidencos of wear siich as is seen among food gatherers 
who take in a great deni of grit with tlieir vegetable foods. TIic third 
molars, which are smaller than the second molars—as in man—had 
not yet emptetl beyond the gum level, and arc paHicularly interesting 
because they show a crinkling of the occlusal surface similur to that 
seen in the otang. It is of great interest to note that the right lateml 
incisor is somewhat smaller than the left, a cxindition which Is oexa- 
sionally seen in contemporary man, but seldom occurring among an¬ 
thropoids. Tlie canines are no larger than those of contemporary man, 
wliile the incisors axe, if anytliing, smaller th*m those of modern man. 
This is somewhat surprising in view of the large size of the pre* 
moLirs and molars, but what it, in fact, may indicate is that in the 



Figure 77e. Bight lateral view of gorillu and Ziii^iulfiwpm xkulU, fPnnn 
Leakey, Courtesy, H/i/rtrated London Nciw.) 
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Figure 77f, OccipinJ view of modem bumen Md Zlnjcnthropus skulls. 
(Ftom Leakey, Courtesy, UltiHffrted Lotidon Netw.) 


evolution of the homioid dentitioa the incisoT-caoine series under¬ 
went reduction first, only to be followed by a reduction of the pre* 
molar-molar series later. This interpretation is, in fact, suggested by 
the conditions seen in the pithecanthropines. In view of the small 
size of the indsor-canine series it is somewhat of a puzzle to under¬ 
stand what the function of so massive a maxilla could have heen. 

Another well-developed homioid trait i$ the presence of large 
mastoid processes which appear to be slung from an enormous later¬ 
ally projecting supramastoid shelf. Zt was a bit of the projecting left 
mastoid first seen by Mrs. Leakey that led to the uncovering of the 
skuH. 

Tlie nuchal crest is very strongly developed, but is typically ho- 
minid in its low situation and form, and quite unlike the condition 
in the anthropoids. The foramen magnum is situated even more to¬ 
ward the frontal plane than it is in the skull of contemporary man— 
a really quite extraordinary finding, and one which leaves do doubt 
that Zinjanthropus habitually walked erectly. 

The skull was found on a living floor containing pre-Chelles- 
Acheul tools in Bed 1 of Olduvai Gorge. These tools arc character¬ 
ized by the fact that only a few flakes have been removed from the 
stooe in either one or two directions on both faces to make a simple 
chopping tool with a sharp but irregular cutting edge on either the 
side or the edge of die stone (Figure 77h). These are regarded as 
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Figure 77g, The paJate and teeth of Zinienlhfopuf compared with those 
of a modem human Qdii)f. (From Leahey, Courtesy, lUusrratffd lumdon 

Neiw.) 
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Figui'e 77h. Oldowan pebble-twU (lava), Bed I, Oldiival Gorge. Tan¬ 
ganyika Territory, East Africa. {Prom OakJey, Mon The Tool Maker. 
Courtesy, British Museum [Natiira) Historyl.) 


the type tools of Oldowan iodustiy or Developed Kafuan, The most 
primitive tools, known as Kafuan, are pebbles from which flakes 
have been removed from one side only. Specimens axe found in Bed 
I at Olduvai as elsewhere in Africa. Since there is no stone in Olduvai 
Gorge at this level, but clay only, the materials ftom which tlie tools 
were made, quartzite and lava, must have been brought from else¬ 
where. There were found on the living floor associated with the skull 
9 Oldoway choppers, I hammerstone, 5 natural stones, and 176 flakes, 
indicating that the tools were manufactured on the spot. 

Zinjanihropuf, then, was a tool-maker. There is no evidence that 
he made fire or bone tools in addition to stone ones. In fact, at the 
handaxe level of development there is lio evidence of fire-making 
anywhere in Africa, 

Zinjanthropus was found at n depth approximately 22 feet below 
the upper limit of Bed I. Since the Olduvai I beds belong to the 
upper part of the Lower Pleistocene (the same age as the Taungs 
beds in which AiiStralopithecv^ fifricanus was found), 2m/anfhropus 
dates back some 600,000 years, and thus becomes the earliest estab¬ 
lished hominid tool-inaker. The making of a tool implies the altering 
of an object to serve a specific purpose by cutting, striking, scraping, 
rubbing or other process. Once the tool has been used it need not 
be used again, but when the need arises another is made according 
to a specifically established pattern. A creature who makes tools in 
such a manner is one capable of using ideas, symbols, in a fashion 
characteristically human. This fact makes Zinjanihropus unquestion¬ 
ably a man—the earliest known man. 
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ZinHiiithropm <lc*iiic.ns(ruh*'c lh«t it is nt>t l],o inorpliMln*?.;!! itp- 
IX'siraiK'r of tlw hr.iinlx)x and its upp^^iKluRes whidi sti mi i ill maJKn 
in differeiifiating man fmm api\ jls the qualih' of tlxp bruin that is 
contained in the brainbox, however jipelike tin* latter may appear. 
The distinction between a man and an ape rests not so much on a 
morphological as <m a functional difference, and that is the mental 
capacity which enables the creature to nuA-e tools. And not only to 
make tools, but to make them with a future or deferri'd use in mind. 
As Oakley has iwinted out, the power of alwtraction. of conceptual 
thought, is basic for tlv? regular manufacture of tools. Such a regular 
fool-moker, even though he use Ids tools intermittently, is a maiw 
no matter what his skull looks like. 

With the discovery of 2in/«/it/iropi/s two entrenched beliefs nmrnig 
morphologists are forever toppled. Tlie first is the ttaditioiial morph- 
ologic-al criterion of hominid status, jis requiring a skull that is rather 
more manlike tlum apebke. The sec-ond is that the ‘Cerebral Rubi¬ 
con," that is tlie brain sim that would const! tufe the lowest limit of 
Itomioid status is 750 cc. 

The belief in the necessity of some arhitrar}' standard of morph¬ 
ological likeness, especially in the skull, has led more than one dis¬ 
tinguished student astray in claiming that for tliis reason the australu- 
pithecines could not be hominids. The emphasis has been too much 
upon morphology and not enough upon functional traits. The presence 
of pebble-tools in Olduvai I beds, and the association of Zinjanthroyus 
with these, makes the Oldowan pcbble-tools found together with three 
uustralopithecine teeth in the breccia at Sterkfontein quite possibly 
the handiwork of austraJopithecines who, if this is proven to be the 
case, will also have to be regarded as hominids. Zinjaiithropus. in 
spite of about twenty major morphological characters in which it 
differs from all known australopitJkednes. may he placed, tentatively 
at least, in tlte sub-family Australopithecinac. 

The belief that the “Cerebral Ruhk'on" is im-vcrsibly establislicd at 
750 cc. must now also be dropped in view of the lesser cranial capacity 
of Zinfantkropus. We do not know what the variability in cranial ca¬ 
pacity among adults may have been, but on the basis of the known 
adolescent skull, almost certainly that of a male, it is unlikely to have 
exceeded, if it ever reached, 700 cc. in Its upper reaches. If eitlier the 
bone tool discovered by Robinson in L^Sb, or the Oldowan pebble 
tools discovered by Brain in 1967 in llu? breccia at the western end 
of the cave ot Sterkfontein which yielded the .idiilt Plesiaiilhropus 
iransvMUnsis with a cranial capacitj’ i>f 5<^() cc., turn oxit to have Ixinx 
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made by tliis form it Is probable thrtt the "Cerebral Rubicon" will 
have to be yet Kirther contracted. 

Tbe discovery of Ziiilfinthropus throws much additional light upon 
the early Jiistory of man. One question, however, must be dealt with 
here before passing on to these other matters. It is a question that is 
bound to be raised. Tliat question is; Was TAnjanihropus capable of 
speech? The answer is that we do not know, hut that anatomicuUy 
there was certainly nothing to prevent him from specking, and tliat 
as a hominid capable of making tools he may very >voll have been 
capable of expressing and communicating simple ideas in sound. 

Tlie living floor of Zinfontkropus was situated at the edge of a 
lake. Associated with the skull and tibia of ZinjonthToptis were found 
the remains of his larder, baby pigs and baby antelopes, whose bones 
he had split open for their marrow, rats, mice, frogs. Ii 2 ards, soake, 
tortoise, and birds. It is to be noted that those are all small animals 
that could be collected with one’s bare hands. At this stage man was 
not yet a hunter of large animals, and his diet was still largely vege¬ 
tarian, as evidenced by the wear of the teeth in Zinjonthropus. 

Surrounded on all sides by giant animals, by pigs as laige as 
rbinos, slieep that stood seven feet liigh at tlie shoulder, giant hippos, 
antelope, cattle, and baboons, Zinjanthropm, in fact, was not yet a 
hunter. He was a food-gadierer. In gathering his vegetable foods 
he would encounter small animals and die infants of large ones, and 
these he would gather into his larder just as he gathered his vege¬ 
tables. This is not hunting. It is still food-gathering. An advance upon 
die striedy food-gathering activities of anthropoids, but still a food¬ 
gathering, and not a hunting economy. 

The Relationships of the Australopithecinae 

With the exception of Zinjanthropus and Teknthropus, the vari¬ 
ability presented by the ausUalopithecines is such as to render it 
unlikely tliat more than one genus, Austruhpithecus, is involved. Tlie 
differences between tlie various austmJopithecines, widi die two ex¬ 
ceptions noted, are at most speclflc, end in several cases are no more 
than subspecific. It has been suggested that in order to avoid con¬ 
fusion it would be preferable to refer to the various australopithednes 
by the place-names of the sites at wliich they were discovered, rather 
than by the names first given them by their discoverers. Thus, one 
would refer to the Kromdraai skull rather than to Parmihropui, or to 
the Sterkfontein skull instead of PlBsianthropus, until there is common 
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agreement as to exactly where tlie forms represented by these fossil 
remains are to be situated. 

Oreopithecue. During the years commencing in 1M9 0r. Johannes 
Hiirteler of the Museum of Natural History at Basic has been claiming 
that th© fossil form Oreopitheem bambolU, discovered in the late 
ISdOs in the lignite of Montebamboli, in the Province of Crosseto io 
Northern Italy, is a hominid and not a cercopitbecoid monkey as most 
authorities have claimed. Since the geological age of Oreopithecus 
is Lower Pliocene, i.e., about 10,000.000 years ago, Dr. Hurzeler’s 
claims have created quite a fluttering in paleoanthropologies] dove¬ 
cotes —ihe more so since Dr. Hurzeler has presented the case for Oreo- 
piihecu$ with great cogency. Summariaed the case for the hominid 
status, according to Dr. Korzeler rests on the following nine points: 
( 1 ) the smallness of the teeth, ( 2 ) the mandibular premolars are 



Figure 78. Reconstruction of the skull of Oreopithecus bambolii. (Courtesy, 

Dr. J. Hiiizeler.) 



146 iNXnODUCTlOh^ TO PHYSICAL ANTHROPOLOGY 

homomorphic, l.e., they resemble eacli other, mther than resembling 
the heteromorphic premolars o£ the apes in which PM, 'vill be unicus* 
pidate and PM^ is molarized, (3) the simian gap or ptemaxilljuy di¬ 
astema is absent, (4) the canine teeth are small, {5) the fovea anterior 
of die upper molars closely resembles that in the same teeth in man 
but is uniike tliat of any of the upes, (6) the upper and lowex incisors 
are implanted steeply in the ja%vs, unlike the rather more forward 
slantwise projection of these teeth in apes, (7) the face is short, more 
orthognathic than in apes, (8) the mandibular symphysis is steep and 
not slanted as in apes, and (9) the mental foramina iire high in posi¬ 
tion as in man, but not as in die apes. To these points may be added die 
fact diit tlie lumbar vertebrae are relatively large and robust, sirggest- 
ing that Oreopithecus may have walked erectly- 

In remarking upon diese resemblances the point may be made that 
all these characters are, indeed, impressive and wliile tlicy may cause 
Oreopithecus in respect of them more closely to resemble a hominid 
than an ape, it is the totality of structural and functional characters 
diat must be considered before a definitive judgment can be arrived at, 

Drs. P. M, Butler and J. R. E, Miles liave studied tlie dentition of 
Oreopitheci*s and conclude that it does not fall wldiin the range 
of variation of the living cercopilbecids, pougids, or homlnids, and 
that its combination of primitive and specialised dental characters 
suggests that It is a termioal form of a separate hominoid stock prob¬ 
ably extending back to the Oligocone. Upon diis view, then, Oreo- 
pithecus. is a hominoid but not a hominid. 

On August 2, 1^8 the almost complete skeleton of Oreopithecus 
was discovered by Drs, Hurzeler and Helmut de Terra in the coal 
fad^ of the Bacdnello mine some 600 feet underground in the area 
between Pisa and Grosseto, This specimen apparently stood between 
52 and 56 inches in height. It will be wisest to await tlie studies of this 
specimen before any judgment is ventured upon its probable zoological 
status. 

It has been suggested that the rediscovery of OreopUhecus chal¬ 
lenges the Darwinian theory of man's descent from an apelike stock 
for if, it Is argued, a form like Orecpithecus was already in existence 
m the Lower Pliocene, without exhibiting any pongid traits, it may 
well have evolved independently of the apes, and given rise to a line 
whicli eventually led to man. This is, of course, a possibility, but the 
truth is that Oreojnthecus exhibits a great many both cercopithecoid 
and ape-like traits, for example in the pattern of the molar teeth and 
in the size of the skull and cranial cavity. 
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The absence of any later Pliocene huminid; of any kind suggests 
that Oreopitkecus, if he was a homlnid left no descendjinis and became 
extinct. On the other hand, such an nlwencc of Pliocene hominids may 
simply be due to the fact that they still remain undisturbed in the rocks. 

Whether or not OreopUhecus is a hoininid future research will 
determine, meanwiiile he remains an extremely interesting fossil pri* 
mate, who has already been accepted by some paJooandtropologi.sts, 
like Hurzeler, de Terra, Heberer, and Straus, us a hominid, while 
others like Remane, von Kocnigswald, und Robinsou insist that he is a 
cercopithecoid on his way to apedom rather tltun to hominiditv. 

Among the widely dispersed and variegatecl Terthiry apes it is <iiiite 
impossible to point with any certainty to any one form and say: Tliis 
is the animal which, without any intemtediate stages of development, 
gave rise to the earliest men. 

In the present state of our knowledge one cun only point to the 
australopithecines and say, that while no one of them muv liave been 
directly ancestral to man. a type very like tjjcm must have been; which 
is to say tlxat the manlike uiies from South Africa arc man’s nearest 
present knotvn relatives, and that there mav have I)ccn one or more 
stages of development between a form like them and die appearance 
of the first man. Tliere cannot have been, Ixowever, more than a few 
such iotermediate stages for the ausEralopithecines have themselves 
almost made the passage into the family of man, the Hominfdue, to the 
rise of which we shall give our attention in the next chapter. 

Darwin’s conclusion, in The Dcsceni of Mm (1871), that man* 
kind originated from an early unspedolized anthropoid ape has to-day 
been so strengthened by the investigntions of innumerable workers 
that it has come to be generally, tliough by no means universally, 
accepted by scientists. 

Tlie facts indicate that man and the anthropoid apes constitute a 
natural group, the superfamily Hominoidea, characterized by the com¬ 
mon possession of hundreds of knoum diagnostic characters which 
separate them as a group from the rem Hinder of the primates. 
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Chapter IV 

THE ORIGIN AND EVOLUTION OF MAN 

1}^ TiiE tlieory )s sound timt man originated from on anthropoid stock, 
it would follow as a necessary Inference that the earliest men ought 
more closely to resemble stich a stock than do the later evolved types. 
And this, at least in the earliest types, Is precisely what we find. 

The question may well be asked: If such early moo so much 
resembled apes, how is it possible to determine at what point an 
animal ceases to be an ape and becomes a man? This is always q 
good question to ask. and it Is an Important one. Let us try to answer 
it. 

Whether the skeletal remains of an animal represent those of an 
ape or of a man is a matter which Is determined In much the same 
way as we detcrmbie the status of any living animal, namely, by Its 
resemblance to other known forms. If it is unique, then we ask tho 
obvious question: Does it more closely resemble the one group, say 
the ape, or the other, say man? Or does it, perhaps, resemble them 
both equally? Is it then, an Intermediate type? 

These are the kinds of questions that the pliysical anthropologist 
or paleoanthropologist asks, and the answer he returns depends 
piSmorily upon the weighing of the results of his analysis of the 
structural characters of a given specimen. It is not necessarily the 
number of the resemblances involved which matters, though this is 
important, so much as the quality of those resemblances. Thus, for 
example, ape'like canine teeth and tho absence of a chin arc char* 
acters found together only among the apes. When one or both of 
those characters Is found In any mandible die suggestion is that we 
are dealing with an ape, but when in the same skull we find a cranial 
capacity vciy substantially exceeding that of an ape and falling 
within the range of diat of man, such a singb fact would alone quali¬ 
tatively outweigh any quantity of ape-like characters. Such an aggre¬ 
gation of characters has actually occurred in more than one example 
of fossil man. Usually the form of the vault of the head and of the 
. jaws, and the size and form of the teeth are alone sufficient to make 
the^difierendatlon between ape and man clear. 
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Apes do not habitiinlly walk ert'ctly. Wlien, flicrefort*, wc find 
evidences of the habitual assumption of the er»*ct ix)Jture» wc have o 
pretty definite mdicatiun of the attainment of hominid or nenrdiom- 
inid status. 

To the question how is it possible to tell at what point m ani¬ 
mal ceases to be an ape and becomes a miin, tlie answer is that it is. 
in fact, not possible to make such a distinction on purely jncri)holog' 
ical grounds. Tlie distinction between man and ape tests prindpally 
on functional grounds. Zinjanthropus bohei pi'ovides a good eximiple 
of this fact. Even though ZiiijanthTOjiut walked en*ct1y ho possessed 
a bruin of apedike si^ and a skull of apedike upi>enrcnce. Neverthe¬ 
less, Zinfnnihropui was a man because he was capable of a unique 
kind of conceptual thought of winch man alone is cupublc. Tliis is 
evidenced by the feet that he was a fool maker, an innovator. On 
inori}hological grounds alone it would not have been pcissibk* to say 
that Zinjonthopus wos a man. On the evidence of Ids tools it Is 
clear that he was—and that fact mokes his niorphologicul traits all 
the more interesting. 

In die following pages a description Is given of the most significant 
fossil forms of man. Insofar as it is possible to do so this will be 
followed by a discussion of dicii* general relationships. Before pro¬ 
ceeding further, however, a few words are necessary on the subject 
of die nomenclature used with respect to fossil man. In Its present 
form this nomenclature is most misleading. 

Wlien the first fossil manlike remains were discovered tho differ¬ 
ences presented by diese from any other known form of man led stu¬ 
dents to place them in distinct genera. Thus, Java man was named 
Fith4conthropu4 erectM, and continuing this trend Peking man was 
distinguished as Slnonrhroptu jyeklne»sl$ even though tliis form 
clearly represents no more than a geographic race of Pithecanthropus. 
As more and more fossil remains were discovered the gaps between 
the olready known fossil types were narrowed, and the earlier known 
types at once lost the appearance of extremes. Tlie tendency was now 
to regard most types of fossil man as representing different species. 
Today it is slowly beginning to be recognized among anthropologists 
that with die possible exception of the fossil giant ape-man Meuan- 
throjms, all fossil and living forms of man probably belong to (he 
same polytypic species, the different types represmiting geographic 
or temporal races or subspecies. If and wheu this viewpoint becomes 
generally accepted an entire revision will become necessttry of the 
names which fossd men have hitherto been given. Such a revision 
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can be satisfactorily achieved only by an international commission. 
Man is a zoological species and the taxonomic rules of nomenclature 
should be applied to him just as tlioy are to any other animal.* 

If all forms of man, fossil and living, belong to a single species, 
then the generic and specific names which have priority are the names 
originally bestowed by iJnnaeus upon man. Homo sn 7 }iens. The dis> 
tinctivo types of man, fossil and living, would tlien be distinguished 
as subspecies or races of Homo sttpiens. Without tlie common agree¬ 
ment of a commission of experts on the names which should be substi¬ 
tuted for those now in use it would perhaps be confusing to attempt 
any change at this time. However, without the necessary cautions it 
Is misleading to continue to use the old names, for these names have 
a way of distorting the facts and of forcing thought concerning the 
evolution of man in a direction which does not correspond with the 
facts. Karnes that correspond more closely to the facts, and that lead 
one to think more accurately are to be preferred. As Julian Huxley 
has pointed out, the basic theoretical aim of taxonomy is the accitrate 
description of organic diversification in nature. With these cautions, 
then, we may proceed. 

The order of the descriptions followed in these pages Is morpJio* 
logical. That is to say, each type is descifbed in the order, rouglily, 
of its decreasing physical resemblance to some imagined anthropoid 
ancestral type. Sucli an order of description has the effect of pro¬ 
ducing a linear view of the lelationship of these types tc one another 
against which the reader must be cautioned, lire reason for pre¬ 
serving the morphological order of description here is that It does 
effectively serve to convey some idea of the kind of changes that 
occurred during the evolution of the various types of man. The im¬ 
portant point to remember Is that many of these changes probably 
occurred at the some time level, tliat is, horizontally while others occu^ 
red vertically, in geographically separated groups of the species, and 
hence that many of these foims were contemporary potentially or 
actually loter-brceding groups. 

We have already seen in the discussion of the non-human primates 
(Chapter II) that most groups of such primates that have been de¬ 
scribed as spedes are probably nothing but geographic races of a 
single polytypic spedes. The evidence clearly shows tliat the same 
holds true for man. It will be recaUed that a species was defined as 
a group of actually or potentially interbreeding natural populations, 
which is leproductively isolated from other such groups. The actual 
* For gucb a ^-ug^eited revtsloo soe pp, 287-286. 
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Of potentialJy jnterbreetlinR popuIaMons may be recognized ns sub¬ 
species or geograpliic races, the subspecies or races being defined as 
populations which differ from one another in the incidence of one or 
more genes. Such populations comprise n single polytypic species, that 
is to say. a species is made np of a number of populations, each of 
which is a more or less self-contained breeding unit, whicli dlfiera 
from other such breeding units in the incidence of certain genes. 

All forms of fossil and living man fall within the limits of this 
conception of a species. 

Morphologically the variation presented by the Hominidae is of 
the continuous kind; there are very few striking discontinuities or 
gaps between one group and another, and this is true even when 
early types such as the Java men are compared with modem man. 
As Dobzhunsky and Weidenrelch have independently pointed out, 
the available evidence indicates that no more than a single hominid 
species has existed at any time level during the Pleistocene. Wlmt- 
ever races exl8tc<l within tho species either interbred or were capable 
of doing so. 

Tliese views mirror the biological facts, and are supported by 
modem genetics and the findings of the new systomatics. Wo shall 
return to tlieir discussion a little later in this chapter. 

As wo shall see, typos very like modem man almost certainly lived 
eontemporaneously with pitheeanthropoid types; and it is now fairly 
clear that such t)q>as lived prior to die advent of Neanderthal types 
and subsequendy absorbed them. 

Several further mediodologicol considerations ere in order here. 
Since the orthogenctic or straight-lino conception of the evolution of 
man from a ’'primitive* to a more "odvonced" stage of man was a 
basic tenet of most anthropologists' faith, up to very recent times, It 
was considered that the earliest types of men must have been morplu)- 
logically “prlniitive* (nearer to the ancestral form), while the later 
types were less so, becoming morphologically more "udvanced** as 
time progressed (further removed from the oncostral form). It was in 
this way that morpliological evolution and Time became associated, 
according to the formula: the more “primitive” the form the earlier 
in time, the more “advanced" in form die later in time. 

Since it was believed that the original ancestral stock of the 
earliest men was an anthropoid group not unlike an "unspeciaUzed” 
group of chimpanzees or gorillas, it followed that die forms 
of man most closely resembling the postulated ancestor would be 
more "primitive* dian those forms of man that showed more re- 
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semblance (o modem men,—modem man being conceived to be the 
latest product o£ the primate evolutionary process. This seemed to be 
a reasonable enough theory. It was, however> based on several as¬ 
sumptions, and reasonable as they seemed, there is now very good 
reason to believe that those assumptions were unsound. 

Tire first of these assumptions was a covert one which was for the 
most part unconsciously Injected into the conception of man’s descent 
from an ''imspecialized” anthropoid. The theory of man’s descent 
from an ‘imspecialized” anthropoid seems to be sound enoxtgh, but 
what is unsound is the meaning which that idea appears to have had 
for many students. That meaning seems unavoidably to creep into 
their thinking, and that is the habit of thinking of the ancestral stock 
of man as resembling a chimpanzee or gorilla. This habit of thought 
is evident In the practice of those inn\imerabie stxtdies which are 
undertaken in order to point out the likenesses and differences be¬ 
tween these apes and man. A consequence of this habit of thought is 
that any manlike form wliich in some of its characters strongly re¬ 
sembles these apes is regarded as clearly more primitive than any 
form which shows fewer resemblances to them. The Image of a living 
ape or even its skeleton makes much more of an impression upon the 
mind than the scrambled mess of fragments of a hundred fossil jaws 
and teeth. But in fact we have good reason to believe that the existing 
great apes ore highly divergent and specialized forms that in many 
respects probably bear considerably leas resemblance to the common 
stock from which they and man originated than does modern manf 
Hence, it is suggested that it is a mistake to evaluate the degree of 
primillveness or advancement of o character by reference to the stand¬ 
ard of an animal resembling the living great apes. Tlie great apes 
have almost certainly departed very much more considerably from 
that common ancestral stock than has modem man. It would, almost, 
be more in keeping with the evidence today to utilize modern man as 
a standard by which to measure the primitivencss or development not 
only of any other form of man, hut even of the anthropoid apes! 

Contemporary man possesses a large number of morphological 
and functional traits of a highly ujispecialized, rather primitive, crea¬ 
ture. As we shall see, in subsequent pages of this book, taken alto¬ 
gether the evidence today very strongly suggests that contemporary 
man represents the persisting form of an early unspedaJized type, 
whereas other forms of man, such as the Pithecanthiopoids and Ne- 
anderthaloids, represent specializations away from a type closely re¬ 
sembling coDtemporaxy man. 
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Tl»e second erroneous assumption was to equate “primiiivencss" 
with morpholuj;ically '1>rutar traits, and “advancement” wirti morpho* 
logically graefb trails. The third erroneous assumption has already 
been toMche<I upon, namely, the equation of “primitiveness" in the 
brutal sense with early appearance in time, and the equation of “ad¬ 
vancement" in the sense of the less bnttal, more gracile form with 
later development in time. 

Unfortunately, some of the terms we shall hove to use in this book 
enshrine some of these errors of thought. For example, the term "n^ 
ontltfopic” refers to “new or recent man," meaning what it suggests, 
nomely, that the latest type of man is the newest type of man. This, 
it h)is already been suggested, there is goo<l reason to believe, is un¬ 
true. Yet Iho term (coined by ElUot Smith in 1916) is now widely 
used to refer to the modern type of man. It will do no luiim if we 
realize what is the matter with it, particularly if it is strictly used^s 
we intend—throughout this book, to refer to Ihc morpfwloi^ic/il t\fpe of 
ijifin perililing Into the contmj>onirn period, wherewr, and In rein- 
tlon to whatever time, he is found upon this earth. 

,The term "pulanthropic man" (“old or undent man”) wns used in 
connection with the phase of mun which was bcllevi'd Immediately 
to have precetled (lie appearance of neanthropic man, immoly, Ne- 
anderthal man. The Idea behind the original coinage of the tenn is 
unsound. Wc shall, however, retain the term in the sense of a morphO' 
logical of prehlitoric man, ranging from Pliheeanthropus to 
Ideanderthel nmn, tchich has become cxllwt. 

T1)e sense In which these tci’ina have been used ]yy other students 
may be exemplified in die practice of l^Videnrelch and of Kroeber. 

Tile Pithecnnthroi>lnc t>pM are culletl Arcbnnthropinae by Weld* 
enreich, and Proloanthropic types by Krneber. The Neanderlhalolds, 
Solo, Heidelberg, Rhodesian, and Mount Carmel men, are called 
Paleoanthroplnae by WeldeimHch, and Paleoanthropic types by 
Kroebor. Tlie Ncauthropiiiae are, according to Weldcnreich’s usage, 
recognized ns presenting two phases: the Upper Paleolithic phase, 
and modem man. In Kroelicrs usage the term Neanthropic refers to 
the men of the Upiwr Paleolithic, wlio “differed from us only as a sab- 
species or race.” 

If these terms are to be used at all it might be wiser to rt'strict the 
term “Protoanlhr<iplc” man to such forms os the Austro lopitheciues, 
and to Meganthropus. 

Since neither the term palantlut>pic nor ncMUithiopic should carry 
temporal implications, one may speak of late or early paloutbropio 
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typei, and similarly of early or late neanthropxc types. In general, 
ic may be said that early neanthropic man closely resembles con¬ 
temporary man in every way except for the characteristic possession 
of somewhat thicker cranial bones. Examples, are Swanscombe, and 
Fontdclievade man. The development of thinner cranial bones appears 
to have occiured during the Upper Pleistocene. 

It is important to remember that the greater part of man's evolu¬ 
tionary development falls within the Ice Age or Pleistocene, a period 
from which the earth has only Just emerged. During the Pleistocene 
ice-caps were formed at varying Intervals in the polar and temperate 
regions of the earth with appreciable effects upon the climate every¬ 
where. The Intervals between Che periods of glaciation were charao- 
tended by climates very different from those of the present day. 
Pleistocene man was forced to adapt himself to these climatic changes, 
but since they occurred at a very gradual rate the processes of his 
cultural adjustment were correspondingly extended over considerable 
periods of time. 

Let Its now proceed with the description of the more important 
types of fossil man. 

Meganthrcpiu palMojavanicm. In the year 1941 Dr. C. H. R. 
von Koenlgswald, a Dutch geologist, discovered the fragments of 
two bwer Jaws in the Lower Pleistocene beds of Sangiran in Central 
Java. Tliese probably belonged to a very early form of man. The 
Jaw is considerably larger In size, and particularly in thickness, 
than the Jawbone of any hitherto known form of man. For this reason, 
and with reference to the region in which it was found it has been 
named Meganthropui palaeoiavanicui. Weidenreich, comparing this 
Jaw fragment with the same parts in the great apes, estimates that 
Meganthropus reached the size, stoutness and strength of a big 
gorilla. The only other known hominid jaw which approaches this in 
size, is tho Swartkrans jaw discovered by Broom at Sterkfonteln in 
South Africa in November 1948 (see p, 128). 

The existence of such a robust skulled form of early man as 
Meganthropus may serve to explain the thickness especially of the 
cranial bones Jn subsequent forms of early man—the persistence of 
an inherited tendency rather than the development of a novel feature. 
All the evidence certainly points in such a direction. From this it 
would appear to follow fairly clearly that In the evolution of man 
there has been a progressive tendency toward reduction in massive¬ 
ness or, to put it positively, toward the development of a greater 
gracility in most features of the skull 
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Tithecanihropuf erecita, SkulU /, If, and III Whwi tile remairw 
of tho first sO'called ‘'ape-man* were found at Trinil, In Central Java, 
in J$90-97, the problem of its status at once arose- The find consisted 
of a skull vault, a fragment of the lower faw, three teeth, and a com¬ 
plete left thigh bone. Each of these remains were discovered at 
different times, and at varying distances from one another, Tlie frag¬ 
ment of jaw was found at Kedung Brubiis, 22 miles fmm Trinil, the 
skull and the femur were found within fifty feet of each other. The 
three teeth were found at different times near the site of the discovery 
of the skull-cap. For tliese reasons there was some doubt whether 
all these parts belonged to a single Individual. The probabilities were 
that they belonged to more than one individual of the same species, 
Today there is some question whether the teeth did not belong to 
an extinct orang-utan. 

The contemporaneity and antiquity of the skull nnd thlgU-bonos 
(as well as of five other thigh-bones attributed to Pithecanthropus 
erscUu) have been confirmed by the fluorine metltod (see pp. 240- 
241). The fluorine content being 1.22 per cent for the skulI-cKp and 
1.05 to 1.12 per cent for the thigli-bone. For the additional five thigh¬ 
bones the range is from 1.01 to 1.50 per cent. For the associated Trinil 
fauna the range is from 1.17 to 1,72 per cent. 

All the remains were discovered in an horizon which is now gen¬ 
erally agreed to be of Middle Pleistocene age, a fact which would 
endow the creature or creatures to wliidi they belonged with an 
antiquity of something like half a million years. From the rather 
ape-like vault of the skull, Dr. Eugene Dubois, the discoverer of the 
remains, was able to determine that the animal to which it belonged 
had a cranial capacity of between 900 and 1,000 cubic centimeters; 
later this was rc-calculated at somewhat more than 1,000 c.c. At the 
present time the most generally accepted estimate is 940 c.c. 

The cranial capacity of the anthropoid apes vorics between a 
range of 200 to 055 c.c,, the gorilla possessing the largest brain, with 
an avernge of 550 c.c, Mean cranial capacities for modem men vary 
between 1,200 c.c.,—with an average of ahoitt 1,350 c.c.—to 1,500 c.c, 
In its lowest rango a brain volume of 900 c.c. occasionaUy occurs in 
contemporary man. Clearly, then, in the matter of cranid capacity, 
the Trinil skuU falb within the range of human brain volume. It may 
be recalled here, by way of comparison, that the estimated adult 
craziial capacity of the Taungs ape, Australopithecus transcoahnsis, is 
about 600 O.C., while the cranial capacity of Paranthropiis crassidens 
has been estimated at 850 to 1,100 c.c. 
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Figure 79. A reconstruction of the «ku1I of PUhecanthrofw 1. 


Brain volume then, puts Ptthccanthroput crectm among the Ho* 
minfdae rather than among the apes. An endotr&nial cast, that is. a 
cast of the interior of the cranium, reveals the presence of an Interest* 
log bulge of tl)C inferior or third frontal convolution. This region of 
the hrain is. In man, believed to be associated with the faculty of 
speech. !t is quite impossible to say. but it may be that PithecoTUhro- 
pus may liave used some form of language. 

The character of the femur or thigh bone is entirely maulike and 
proves that its owner habitually walked erectly, hence the spcdBc 
name erectus was added to the generic name Pithecanthropus, which 
means "ape*man.‘' From the femur the height of Pithecanthropus has 
been calculated to have been about five feet eight inches and Kls 
weight about 150 pounds. In poiot-of-fact there is some doubt whether 
the femur is not that of a modem type of fossil man, a doubt, however. 
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Figure 80. A, lateral» B, veitical views of tlw cruiiinni of PUhcctiuthroiUu 
erectus II (after von Koenigs^vaJd). (Cairtcsy, Carnegie Instltuhon of 

Washington.) 
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which bos b«en considerably reduced by the surprisingly manlike 
limb bones of Che ausCmlopithecine apes. 

Plthocanthropus ereotus II was discovered early in 1^37 by Dr. 
G. H. R. von Koenigswald at Sangima in Central Java. This represents 
an adult specimen in whidi only tixe facial bones and lower jaw are 
missing {see Figure 30). The resemblance between this and the skull 
discovered by Dubois In 1391 is very striking, except that the cranial 
capacity in this second skull was only 775 e.c., tlte smallest cranial 
capacity thus far recorded in any hominid. From the same district 
there had been recovered, in 1936, the fragment of a lower jaw with 
four teeth, undoubtedly of Pithecanthropus, and in 1938 the fragment 
of the skull of a juvenile Pithecanthropus, now known as Skull HI. 
The fragment of the lower jaw, with tliree molars increasing in size 
the first to the third, unlike the usual sequence in man, and one 
premolar in situ, is massive, and a chin Is not developed. All are Mid¬ 
dle Pleistocene. 

Pitkeeanihropvs rebustus. Skull IV. By far the most Important 
find was made by Dr. von Koenigswald In a Lower Pleistocene bed 
in the Sangiran district in January 1939. This consisted of the posterior 
three-quarters of the brain<ase including tlie buo. and the upper jaw 
with the teeth in sUu with the exception of the incisors and the second 
and third molars of the left side. Tlie teeth ore essentially hominid in 
form. The caulno tooth projects somewhat beyond the level of the 
other teeth and Is larger than that of any recent or fossil hominid. 
As is the case In all hominids the breadth of tlie molors exceeds their 
length. What 1$ unique for any hominid form, is the presence of a bony 
diastema or space, the premaxillary diastema or simian gap, measuring 
3.2 mm. on tlio left and 5.0 mm. on the right side, separating the 
canine from the lateral incisor tooth. In a later find of what is be¬ 
lieved to be a portion of the upper jaw of the female of this type a 
similar, though reduced, premaxillary diastema Is present. 

The canine tooth of Pithecanthropus robustus is, in fact, very small 
compared with that of the anthropoids, but not smaller than the same 
tooth in Sinanthropus, thus suggesting the presence of a similar small 
canine in the lower Jaw. Hiere is no precanlne diastema in the lower 
jaw corresponding to the premaxillary diastema of the upper jaw, Tlie 
presence of the premaxillary diastema In the upper jaw. whidi in the 
anthropoids a£ords room for the upper part of the large lower canine, 
suggests that in the evolution of man the canine tooth underwent 
reduction first, and that it took another separate evolutionary change 
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to bring about the reduction of the cli?iiteina» and thus lo produce a 
further shortening of the jaws. 

The upper jaw in Pitheconthroptts mbus/us is wider and longer 
and projects farther beyond the face than in any other kno\vn form of 
man, The paJate exhibits certain unique features, sudx as tlie complete 
absence of a median torus or ridges and furrows of any kind, and the 
presence of posterior palatine hlUocks. The bones are more massive 
than In any other Jmown form of Pithecanthropus, and while the skull 
is longer than that of any of these forms it is actually appreciably 
lower, the length being 158 mm. as compared with 135 mm. in Skull 
II, while the corresponding lieights are lOi mm. in the former and 
105 mm. in the latter. The cranial capacity was about 900 cc. Tlie basal 
breadth of the skull exceeds the greatest parietal breadth very mucli 
more markedly tlian in any other known hominid skull; the shape of 



Figure 81. Map of central and East Java, shoe ing the chain of volcanoes 
and the volleys of tho Bengawon (Solo) River, with the sites of the human 
8nds marked by a cross. (From Weidenreicb, Courtesy. University of 

Chicago Press.) 
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Fis,un a2, Reconjtructlon of ilio skull of Sob Man. (From Wekleurelch. 
Co;irl«y, Amertonn ^fu«u]n of Natural History,) 


the skull to swa from behind or in a corounl section ii distinctly tri* 
angular. A unique keel-like elevation or sagittal trest runs over the top 
of die skull in the mid-line from top to back, and there is an enormous 
bulging of the occipital torus. AD these tve features unique to Skull 
IV, and in recognition of its difference from other forms of Piths* 
canthropus it has been named Plikecanthropus robustus. 

Homo modfokertemU. In 1936 one of I^. von Koenigswald’s na¬ 
tive col lector? found a fossil human sbill in a Lower Pleistocene bed 
in die Djetis zone near Modjokerto, west of Soerabaja in east Java. 
Tl:e skull, with facial parts and teedi missing, proved to be that of a 
cliiid of about tliree years of age. Tlie incipient temporal narrowness, 
the depressed parietal, the pecubar form of the occiput, the low frontal 
region and the well marked supraorbital torus, all bespeak a primitive 
type. Tho skull of this child of Lower Pleistocene age is almost cer- 
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Umly a mcmher of the Pilhecanlhxoi»itl group. It is very likely a 
juvenile member of the robiisttu type. 

It should be noted tliat the robustus skulls were discovered in a 
Lower Pleistocene Jiorizon older than the Trinil beds fivm which PUhg- 
ainthrepus erectus was recovered. 

Homo iolotnsis. In 1931 in the region of the Solo river near 
Ngandong, in Central Javji. a fossil human skull of Upper Pleistocene 
age was discovered winch led to the subsequent finding of portions 
of ten others. Faces and teetli were missing, but the characters of 
the remainder of the skulls showed an extraordinarily thick-skulled 
primitive type hnving the clearest immediate affinities with Pithecan¬ 
thropus and Modjokerto man on the one hand, and Rhodesian mid 
Neandertlial man (see pp. 1S4 and 194) on the other. There is, limv- 



Figure 83. Artifacts of Soon culture group, o. Pebble chopper-tool, and h, 
fiake tool, probably of quartzite. Early Scan, N.W. Indian. After d« Term 
and Paterson, c. Late Choukoutien fiake-tool of chert (resembling Mous- 
terian point), Choukoutien, China. After Pci, d. Chopper-fool, and e flake- 
tool of alicified tuff, Patjjtanian, Java. After Movius. /- Chopper-t<K)l (harul- 
adze) of fossil wood. Anyatbian, Upper Burma. After Mo\*iua. (Prom Oak¬ 
ley, Man The Tool-Mafisr. Courtesy, Brib'ih Museum [Natural History].) 
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Figure 84. Recoi)«iruchon 0 / 0 female SfnenrAropM skull (somewhot modi* 
8ed after Weldenreich). 


ever, not the slightest doubt that Solo man, with an average cranial 
capacity of 1,100 c.c. (range 1,035*1,225 c.c.) represents a Ncanderlha* 
loid advanced member of the Pithecanthropus group. 

In assodafion with Solo man were found several beautifully worked 
bone implements, an axe made of deer antlers, a barbed spearhead, 
and a number of crude stone tools. Culturally, then, Solo man ap* 
pears to have been a fairly advanced type, belonging in the upper 
reaches of the Paleolithic or Old Stone Age. 

In the Trinil level of Central Java primitive stone implements 
have been discovered which may have been used by Pithecanthropoid 
forms. These consist of flakes, points, scrapers, and cores made of 
different slUcified rocks (quartz, lydian stone, eta). 

On the south coast of Central Java near Pa^taa similar implements 
have been found including a variety of chopping tools. 
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All these arHfacts correspond to those which have I)ecn discov¬ 
ered in almost every part of the world, tliough they lx*loag to an 
entirely different tradition, and in Java they are of purHtnilar interest 
because they strongly suggest that physical and cultural evolution was 
proceeding there contemporaneously with, end to some extent Inde¬ 
pendently of, similar stages of evolution occ-urrlng elsewhere in the 
world. Sinanthropus or Peking man and his culture represent such 
contemporary stages. 

Sinanthropus pokinensU. Discovered at Chou k'ou Men near Peking 
In China in 1929, “China Man" or Slnnnthropiw is now known from 
the remains of some fifty-nine individuals forty of which were found 
Id tho same Chou k’ou tien caves in subsequent years. Five more or 
less complete skulls arid fourteen mandibles, and 152 Isolated teeth 
were discovered in these caves in 1957. Like Pithccmiihropus crcclua 
Peking man is of Middle Pleistocene oge, and morphologlwilly so 
closely resembles tho former that there con be little doubt of their 
genetic reloMonship. 

Tho cranial capacity of the Sinanthropus group v»^^i^•s from 915 



Figure 85. Stfwftfhropiw pekinsnele at home. From a painting by Maurice 
Wilson. (Courtesy, British Museum [Natural History].) 



170 INTRODUCTION TO PHYSICAL ANTHROPOLOCV 


Figure 86. Stone tods of Pekin Man. a. Quarts chopper*tool, b. Boulder of 
greenstone flaked Into chopper form, c, Pointed flake of quartz, d. Bi*polar 
flake of quartz, c. Bi*pyromldaI crystal of quartz ublized as tool. After Pel 
and Black. (From Onkley» Afan The TooUMaker. Courtesy, British Museum 

[Natural History].) 


t 
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c.c. to 1,225 O.C., with an average of 1.043 c.c. The average brain size 
of Sinanihrtjpt/s is about 20 per cenf greater than that of VUlicconihrO' 
pus. Tlie frontal region of the skull show? a bump-like development, a 
more globular form, than is the case in PHhecanthroptis in whidi the 
same region is relatively flat, while tlie frtmtal sinus is less expanded 
in the former than in the latter. The occipital region is comparatively 
narrow and elongated in Sin<fnthro}nis and brocid and roundetl in 
Pitheccnthropus, and the mandible is considerably more robust in the 
latter than io tbe former. There is no diastema between tlie maxillary 
canine and the lateral incisor in Si/if/iith popus, whereas in one form at 
least of Pithecanthropus an oppreduble diastema is iwesent. Apart 
from these there are no really signifleant differences between the skulls 
of Sinon^hropua a&d PHUecanihropus^ and it is gonemlly agreed that 
they ought both to be Included in tbe single group PttUeconthrojius 
of tbo genus tfomo. Next to Zinfanthropue and hiepuuthropus llwse 
Sioo-Malayan forms ore die most primitive morphological types of 
man known. 


Figure 87. Mandible of Aflcnthro/sas uiaurHcnicua lU. Probably male. 
(Courtesy, Dr. C- Arumbuurg.) 
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Figure 36. Inner Aspect of left side of mandible of Atkinthrojius maurltani- 
cua II. Probably femnic. (Coujteey, Dr. C. Arombourg.) 


Taken all In all there can be little question that Sinftnihropus 
represents a slightly more advanced stage in the ovolution of man 
than Pithecanthropua, the difference in brain size and the absence of a 
premaxillary diastema would alone be sufficient indication of tlmt. 
The resemblances, however, between the two forms are such as to 
suggest that Sinanthropus merely represents a geographic race of the 
Javanese Pltheoanthropoid stock. 

The flakes, points, scrapers, choppers and cores, of the Trinil beds, 
presumed to be the handwork of Pifhecanthropta, are very similar 
to the artifacts which were found associated with Sinanthropus. 

All of these forms are very closely related. As a group the Pithe- 
eanthropoids robustvs, modiokertensis, erecitts, pekinenais, and solo- 
otysis, exhibit the kinds of differences which (save in the case of 
modioharlensia which probably belongs with robussus) render it clear 
that each type represents a geographic race or subspecies of a closely 
allied group of the same species. 

The Pithecanthropoids in every sense of the word are men, and 
they properly belong in the genus Homo, with the single species 
orectus, and the subspecies erectus, pekinsnsis, and soloensts. 
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It his already been pointed out that iu view of certain morpho- 
logfcal resemblances of Solo man to the skeletal remains found at 
Broken HiU ia Northern Rhodesia, South Africa, and to Neanderthal 
man, a possible relationship between Solo mao and these two types 
has been suggested. 

Atianthrt^us mauriUinicus. lu June 1954 Dr. Camille Anunhourg. 
of the National Museum of Natural History, Paris, discovered two 
human mandibles associated with an abundant ChdJeo-Aclieulian 
industry In a saud pit at Ternifine, near Mascara In Algeria. The 
associated remains of extinct mammals, among them a giant baboon, 
a Machcirodes. and a gluat wart hog of the Notochocrus group would 
alone be sufficient to assign these remains to the base of the Middle 
Pleistocene or Kamasian. 

One of the jaws, tliought to be that of u male (Figitro S7) Is al- 
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FlKMn' 90. Hufchets found uiKxriutcd wllh Atlcnthropus mmnitanhux. 
(Ccmrtc*/. Dr. C. Animboiir/i.) 


mo4t complete with ull 1>iit tl^e canines and three Incisors in place. 
The smaller jaw, believed to be female, is represented only by its left 
half with only the cunines and Incisors lacking (Figure 66). The two 
jaws are remarkably robust. There is no chin, and there is no simian 
shelf. The ramus is low and broad as In Sfnnnt^iropus but somewhat 
more gr&clle than that of the Mauer jaw. The molars are low, broad, 
large, with large pulp cavities. The occlusal surfaces of tho teeth bear 
secondary crenulatlons as in some specimens of Slnanl/iropur. Aram- 
bourg concludes that Athnthropus, as the form of man represented 
by these two jaws luis been named, is very closely related to Tithecen^ 
thropus and Sinanthropus. In its robustness and the form of the di- 
gastrio fossae wliich extend along die ventral border of the symphysis 
and a portion of the lingual surface, Atlanlhropus more closely re* 
sembles Megflnihropus of Java. 

As Straus has pointed out, the Meganthropus fragment emanated 
from tho same deposits as Pithecanihropus, and only its enormous 
si 2 e has excluded it from jointure with the pitheoonthropines. Tlie 
Atlanthropus mandibles, in respect of size, would go far toward 
bridging the gap between Afeganthropus and PUhecanthropus, and 






Figure 91. The Sidi Abdermlnnnn Fosxil iii.xhdihiilcir fragcnenti^. A nud A' 
Outer and hmer uipects nf nght posterior fmgmenl. D Oc'clitsal view of 
the three molers. B and B' Outer and inner aspects of left poslsyinph>’$e3l 
fragment. C Occlusal view of the first premolar <n tixe pust$yinpl]>*sciil frag¬ 
ment. {Courtesy, Dr. C. Arambourg and Moos. P. Bibeisun.) 
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Figure 92. The Sidi Abderrahman molar aeries clevly showing the dryopi* 
thecua patcent on the first molor compared with a second molar of Sinen- 
ihropus, (Courtesy, Dr. C. Arambourg and Mons. P. Biberaon.) 


would simply indicate the great variability of jaw slM in early forms 
of man. 

In 1955, a third |aw together with a parietal bone of Atlentkropus 
were discovered. The parietal is remarhuble for Its thickness, end for 
the slightness of Its curvature, suggesting a low cranial vault, and for 
the presence on Its Inner surface oi a syMan crest as in sinanthropus. 
TTio sylvian crest Is a tliickcncd bony relief extending into the parietal 
bone as if it were a continuation of the lesser wing of the sphenoid, 
and generally situated above the Impressions for the middle meningeal 
artery. The crest is present in Ptthecanlhropui, Sinanthropus and in 
Neanderthal man, but is never present in anything like a similar de* 
gree of development in contemporary man. With the exception of 
the orang the crest is absent in the apes. Thus, the presence of a 
well developed sylvfao crest in the Athtnthropus parietal together 
with the form of the brain itself adds fxu^her strong testimony to the 
probability that Atlanthropus belongs with the Flthecanthropine 
group. 

The artifacts found In association with AHanthropus comprised 
more than a hundred tools of roughly worked quortate, silcrete or 
limestone, witli very rare flint. There are primitive rostrold (high* 
backed) blf&ccs, cleavers, and large flakes of Clactonian type (Figures 
69 and 90). The industry is characteristic of the Chelio*Acheulian, 
and belongs to the beginning of the Middle Pleistocene. 

Sidi Abdsrrahman. la 1954, P, Blberson discovered in Littorina 
Cave, a oommerdally worked pit at Sidi Abderrahman, about 6 miles 
southwest of Casablanca, French Morocco, an incomplete mandible 
associated with a Middle AcheuKan industry. The stratum in which 
the mandible was found was dated with great accuracy os correspond- 
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ing to the end of the maximitiTi tr^osgiession of Tyrrhcinun I, or the 
North African Third Pluvia), that Js, at the end of the Second Inter¬ 
glacial and the beginning of the Third Ctacinh 

The portions of the mandible recewered consist of the posterior 
part of the right body with the three molars in place; this piece is 
broken just behind Mg, of which die roots are visible, and at the 
middle of the alveolus of PM«; tlie inferior border is iutacr. The 
second fragment of this mandible is a part of the ixistsyinpbysiut 
region, >vith PMj in place* and is broken just behind this tooth, ns well 
as at the level of the mesial border of the nlveolus of 1^; the latter 
tooth and the canine are missing* 

In virtually every respect the characters of the teeth and mandible 
closely resemble those uf Athmihropus and the pithecanthropi nes, Tltc 
jaw is robust, the teeth large, the molars low.crownod and long, and 
there is a pnxlominaiice of the protoeonid over the metaconid on the 



Figuve S3. Two bifaces «f Middle Acliealian II. Littoriau Caw, Le\'cl D. 
of the cave entvnuce in contitutity with the sandy lens F comuining the 
SidI Abdemhiiuiii hum;m basil bones. Half nalurnl size, (Courtesy, Dr, 
C. Araml^wrgand Mems. P, Biberson.) 
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(g'Cp) and the optethocnoion. KaV natural sit*. (From Wddanrdch. 

Courtesy, Am. J. Bhyt. Ajiihrop.) 

moUre. Anmbourg oondudes that the Sidi AbdeiraVunaQ mandible 
falls within the range of possible variation of Atlanihrofw. 

The associated artifacts belong to the Middle Acheulian indusby» 
corresponding very closely to the CbeUes-AcbeuI stage 6 at Olduval 
Gorge described by Lealsy. Sidi Abderrabman man, therefore, is 
of somewhat later age than the meo of Temcfine. 

BoboS. A short distance to the north of Casablanca there was dis¬ 
covered, in February lfi33, In (he Rabat sandstone, the oanial frag¬ 
ments, part of the maxilla of the left ride widi palate and teeth, and 
the major part of the body of the mandible with three indsors, the 
canine, and the first molar m situ. Apparently a complete skull was 
present which was destroyed by a mine explosion. There was no 
associated indusby, but the geologiea] evidence suggests a Middle 
Pleistocene age. The remains are ihose of an adolescent, probably 
male. The mandible is very robust and dke teeth correspondingly 
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large. Rabat maa would appear to belong to the Alhnlhropus group. 

Wadfok him. In ISSS-W). before his djsco\‘ery of tl\e original 
Pithecanthrope remains in 1860*d7. Dr. Eugene Dubois had dis* 
covered two extremely interesting fossil crania at Wadfak, some 00 
miles southeast of Trinil, in Java. The cUscovery of these skulls was 
not announced until thirty years later, in 1920. In Wadjak I, possibly 
a female, the cranial capacity is 1,550 c.c., in Wadjak II 1,650 c.c. 
These skulls, for whicli Dubois claimed a Pleistocene age, bear a 
striking resemblance to die Australian alaMigiua! skull, except that 
tlie skull of Wadjak man is appreciably larger in all its dimensions 
than the Australian. This resemblance has recently assumed con* 
siderable significance for in 1940 there was discovered, in a sand-pit 
one mile north of tl)e village of Keilor, 10 miles northwest of Mel* 
bourne, Australia, a fossil skull which is almost identical in form with 
that of Wadjak man. Tlie Keilor skull was found some 18 feet below 
the surface of the Marlbyrnong River terrace, The deposit, at first 
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Figure 96. Abl)«vilUan (ChfOeon) t«ob. e. Ijivt huid'Uce, Bed 11, Oldo 
woy Gorge, Tanguyxka. b. Quartzite lMnd*cie 90 metre beach. Morocco. 
Aiter Neuville aud Ruhlreann. e. Hutd^aze. derived. ChelJes>sTir*Manie. 
Alter Breuil. d. Haod^aie. 150 ft terrace of Httmee. near Cav'eraham, 
Berks. Oxford Universty Museum. (Fmn OaUey, Men She Tool-Maker. 
Courtesy, British Museum [NatureJ History].) 
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Figure 97. Cloctoiiian oiwl Tayneian njllfuvl*. a. Clucto*ito» ftliit ooro. uuit 
b,c. fUke-tools, Lo^vcf Gravel, 100 ff. lermcc, Swaiwconibe, Kont (/. KliiVc- 
hwl, f/cpWunilvnw gravel, auclyii-wi-Sra, Eflsw. t». Acliciily-Cluclonhiii 
scraper. High Lodge, MlWeiihall, Suffolk. /. Prc-Moiisleriiin Hnkr-Ui«l. 
Combe-Capcllc, Moiitferrand (Dordogne), g Ta^-sicjari ftike (ulilized), 
intergladnl river gravel, La Micoqiie. Tayuc (Dordogne). (Kimm Onklcy, 
Man the Too!*Mfl^rtr. Qnirtesy. British Museum [Nalur^il History].) 
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believed to be of RisS'Wum lotergUctel aige. is now knows to be of 
more recent age. Charcoal from hearths withm die Keilor site yield 
a radiocarbon date of 6,546 ± 2S years. The fluorine content of Wad* 
fak I is 0.2S asd of Wadjak II 0.63 per cent Bergman and Karsten 
suggest that the Wad^k skulls are of Upper Pleistocene age. It is of 
interest to note Chat the fluorine content of the Keilor skull is 0.30 per 
cent (Gill). On morphological grounds there is a strong indication 
of a relationship between the Javanese Wad>ak people and the Aus¬ 
tralian aborigines, okt Keilor. an apparent Wadjak type. The Keilor 
skull, like Wadjak, is much larger ^an tbe AusCraliao skull, Keilor 
having a cranial capacity of 1,503 ex., well within the range of 
Wadjak, whereas the cranial capacity of the aborigina] Australian 
skull of (he Melbourne regioo avenges 1,338 c.c. Interestingly enough 
this is the largest average cranial capacity for (he Australian group 
in the whole continent, and it is signiBcant that the Australian cranial 
type most resembling the Keilor skull is found in the same general 
region. 

It Is possible that the Wadjak people reached Australia in bte 
Pleistocene or even In more recent times and possibly by admixture 
with some Negroid type gave rise to the modem Australian aboriginal. 
The general resemblance of the Australian skuB to the Pithecanthro* 
poid type, the presence of Wadjak mao in Java, and the discovery 
of the Australian Wadjak type. Keilor, in the extreme southeast of 
the continent, rather than in the extreme northwest, are the sort of 
loose pieces in the jigsaw puzzle of the evolution of man which the 
anthropologist delights to fit together. Weidenreich has suggested 
that we have now an almost continuous phylogenetic Itne leading from 
the Pithecanthropus group through Solo man to Wadjak man and 
thence to the Australian aborigioal. This suggestion, however, very 
likely errs on the side of over-simplification. 

Honto h4id«Jb9rg4nti$. In 1967 at Mauer, some six miles south¬ 
east of Heidelberg, in Germany, a massive human lower jaw, together 
with all the teeth in siSu, was discovered in a Lower Pleistocene d^ 
posit of AbbevilUan (Chellean) age. No Implements were found 
associated with the jaw, and indeed, records of Abbevillian industry 
have never been found in Germany. It Is, however, possible by com¬ 
parison of the geological strata of tbe Mauer sand-pit in which the 
jaw was found, with similar strata elsewhere in Europe, notably in 
Belgium, to state that the owner of the Mauer jaw probably flourished 
during tile Abbevillian period, probably during die first, and certainly 
not later dian die second, interglacial period. 
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The massive d^aracter of the Mauer maixclibU*, the gi'wit breachh 
of the ramus, the absence of a chin, ajjcl the shftIlo^v^es» of the sig¬ 
moid notch, all suggest a primitive type. Tlie te<,^h are remarkably 
like those of modem man in every respect, save that the pxilp cavities 
are slightly larger, and the crowns and bodies of the molar teeth arc 
somewhat more "swollen" than in modem man. Nevertheless, all 
tlicse charnctcTS foil within the range of variation encountered in 
the living varieties of man. Weldenreich suggests Ihnt the greater 
length of tlie roots of ll« front teeth is associated with tlic fact that 
the tooth-bearing portion of tiu* jaw /nils to undergo recession and thus, 
as in modem man. leavijs the lower portion of the Jow to jut out as 
a diin. Dr. Ronald Singer has pointed out that the fragment of the 
ramus of Saldanha man. found near llopeficlcl, South Africa (see p. 
187), thougli less robust, fils the same region of the Heidelberg juw 
perfectly, so that there may l>e »ininc tounectiun lx'tm*i*n these forms. 

In vle\v of the dwracters of the Jaw of Heidelberg imin it Is 
generally considered that he was prolwhly ancestral to Neanderthal 
man, and that he himself was in fact, an early variety of Neanderthal 
man. 

As a L.ower Pleistocene form it is quite possible, even prolwhle, 
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thAt Hndelberg mao mtcrmiDgled ^vith other fornis of man, aad that 
one of the varieties subsequeDtfy resultiag fran sucli intermingling 
was Neanderthal man. ^Vho, aod how ma&y, the actual ancestors of 
Neunderthal man were, it is at present impossible to say; ifomo 
ioloensii has already been suggested as a possible one, Stnenthropus 
may be another, and a recently discovered type, Afrioonihropus 
nfarosensis, described bebw, may represent still another. As our 
discoveries increase in number and impevtartee the probability in* 
creases that we shaD some day be able to name the actual groups 
from which Neanderthal, and other types of man, may have origi* 
nated. 

Homo rhodesierms. In 19£L a complete skull, lacking the lower 
jaw, and portions of the remainder of the skeleton were found to* 
gether with more fragmentary remains of a second individual. Asso¬ 
ciated Artifacts found In the black cave earth consisted of flake tools 
mainly in quartz, stone balls possibly used as bolas. bone awls, and 
bone gouges'^n Industry in the Levallolsian tradition, putting Rho* 
desian man into a period contemporaneous with the Upper Paleolithic 
of Europe. The artifacts are considered to belong to the African 
Middle Stone Age (Developed Levallols or Proto-Stillbay}. The cave 
at Broken Hill In which the remains were found is of Upper Pleisto* 
cene age. Urrtil the recent discoveries so China and Java, Rhodesian 
man constituted even more of a pusle than he docs today. Combining 
Pithecanthropoitl, even goriUoid, and Nearsderthaloid characters with 
a goodly number which might be said to be of early neanthroplc type, 
Rhodesian man had a rather primitively formed bvain with a cranial 
capacity of about l;SS0 c«., enormous brow*ridges, a pro^ting 
large gorUlo-Ilke upper |aw, an unusually broad palate, and a face very 
large in all its dhnenrions. the crania! vault seems even more de> 
pressed, thou^ it is actually not, than it is in tho typical Neender- 
thaloid; the teeth, on the other hand, axe far less specialized than in 
Neanderthal man, and doaely resemble those of modem man. The 
resemblance between Solo man and Rhodesian man may be aeci' 
dental, a close genetic relationship between the two types Is, how* 
ever, a possibility. It Is interesting to note that both Rhodesian and 
Solo man appear to have been familiar with booe*working techniques 
and with the manufacture and use of spherical ‘bolos’* stones. 

The presence of Neanderthaloid and early neanthropic features 
conspire to lend Rhodesian man an ununial degree of interest. 

Rhodesian man together with Solo man are regarded by some stu* 
dents as early sapiens types which bear so relationship to Neander- 


THE ORIGIN AND EVOLUTION OF WAN 


ins 

thal man at all, but which may possibly he closely rclaU'd to the 
Australoid type. Keith regards Rhodesian man as a type which ap* 
pears In the line leading to the noantlunpic type soon idler this line 
“had broken away from the Neanderthal line." A third view would 
regard Rhodesian man as a possible descendant cd Solo man and as a 
collateral relative of the stock lending to later types of Homo sapiens 
on the one hand and to Neanderthal man on the other, A fourth, but 
rather unlikely, view regards Rhodesian man as n variJint of Neander* 
thal man, with Negroid trails, which may serve to make him the proto¬ 
type of modem Negroids, 

Tliese views are not new'ssafily In conflict with each other, but 
obviously it is for the present best to leas'c the qxie.stlon of the rela¬ 
tionships of Rhodesian mim open. 

An interesting feature of the RhodKlaii skull U llie fact that nearly 
every one of its tcHh nos badly decayed, thus pioving that c^uies is 
not altogether a disease of civiliailion. The fact R‘jnains, how*ever, 



Figure 9^. The skull of Bliodesian Man. 
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Figure 100. The iaduftry ot Broken Hilt (Rhodcaen) Man. o<~ Quartz 
flakes with faceted striking-ptatfonns. d. Fkk«>blade of quartz, e. 
core (chert). /. Spbericd *bolas>stooe'' (granite), g. Bffte point or awl. 
h. Bone gouge. (From Oakley, Uan ih« TottUUaitr. Courtesy, Bnlish 
Museum iNatunl HistoryJ.) 


that fossil men almost always have teeth completely free from decay. 
Evidence of suppuratiOD in the mastoid regioa of the skull indicates 
that this Individual suffered from severe mastoiditis. A peculiar lipping 
at the articular end of the leg-bone, the tibia, suggests the effects of 
arthritis. A broken humerus and a fragment of a parietal bone recov¬ 
ered among the anhnal bones are regarded as probably belonging to 
neanthropic man. 
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Saldanha Man. In 1953, Mr. Keith Jolly and Dr. Ronald Singer oi 
the University of Capo Town discovered a fossil hommfd skullcap and 
fragment of a lower jaw, associated with an abundance of fossil verte¬ 
brates and stone artifacts. Tlio discovery was made in u villugc near 
Saldanha Bay, 10 miles from HopeHeld, and some 90 miles north of 
Cape Town. 

The Saldanha skullcap strongly resembles that of the Rhodesian 
skull, and there con be little doubt that both belong to the same form 
of mao. The contours and form of the skullcap), brow ridges and 
frontal bone are very similar to those of Rhodesian man. while the 
fragment of the mandible consisting of part of the ramus togetlier with 
its coroQoid process, found some 500 yiirds from the skullcap together 
with a small piece of parietal bone, is renturkuble in that it is almost 
identical in shape and dimensions with the sample portions of the 


Figure 101. The recooslructed Saldanha Skull. (Courtesy, Dr. RoDold 

Singer.) 
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Flsiire 102. Th« Sddanhtt skullcip compared with th« Rhod«dan Sku]l. 

Right bteni, uid vertical views. (Couiteey, Dr. Ronald Singer,) 

Heidelberg jaw. ThU is sot surprisiog, hr tLe large size and width 
of the masticatoiy apparatus of (be Rhodesian skull suggested that 
it would have had to have a iaw which correspooded to that of the 
Heidelberg jaw. The Saldaoha ramus is. boNvever. less robust tliaa tbo 
corresponding part the Heidelberg jaw. The small fragment of 
parietal, it is of interest to note, fitted eractly into the Saldanha skull¬ 
cap. 

Handaxes and other stone implements of Acbeulian types were 
found in associatioo with the Saldanha remains. Some e4^uid tarsal 
bones at first thought to be bone rhiwlt have been shown to be due 
to the combined effects of gnawing by carnivores and the ravages of 
the weadter. The combined archeologic, paleontologic. and geologic 
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Figure 103. Large and small cleavers. Cape Couslol Fauresiinlh. From ilie 
same horiton as the Saldanhc Skull. (Courtesy, Dr. Roji;il<! Singer.) 
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Figure 104. Three eypicul ilmond^ped hend>«». Cape Cowtal Fauj> 
imith. Prom the seme horieoo a* Ibe SakUnha Skull. (Courtesy, Or. Ronald 

Singer.) 


evidence, as wall fluorine cUKng. nukes it possible Co assign Sal- 
danhe man Co du early part of the Upper Pleistocene, probably cor¬ 
responding Co Che Ume prior to tbe last gladaCion of Europe. These 
facts would render Saldanha nun somewhat older than Rhodesian 
man. 

Africanlhropia nioroaenm. In 1934 an important find of (he badly 
crushed and weathered fragments of three skulls was made by Kohl* 
Larsen in Che northern part of what was formerly Cerman East Africa 
and is now Tanganyika Territory. The most complete of these skulls, 
probably that of a male, has heea cursorily desaibed by Reck and 
Kohl-Larsen, by Leakey, and by Weinert The skulls were recovered 
from a deposit believed Co be Upper Pleistocene ago Dortb*west of 
Lake Eyasi (Njarasa). They exhibit a number of characters which 
bear a sthkiJig resemblance to those obaracCeriziQg tbe Pithfcanthro- 
pus^inanihr&piu group. KobbLarsen. (be discoverer, and Hans Reck, 
a German geologist, in a joint paper published in 1936, described this 
new form of man as Poioeoanthropus nforastnsit, but Weinert con¬ 
sidered tbe name unsuitable and renamed (be find Africartthropus 
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njarasensU. The fomer name has piinrity, hut the latter is the nume 
most frequently used in tlie lite^atu^(^ 

The bones recovered consisted of the p’eater part of the occipital, 
left parietal, and left tempornl tncludii^ the mastoid and petrous por* 
tions. These parts articulate perfectly with one another at their sutural 
junctions. Several parts of tl>e frontal bone were also recovered, in* 
chiding a pmtioD of die glabcllft, and tlio riglit supraorbital torus and 
e^toraa) orbital angle. In addition tliere was recovered a fragment of 
the maxilla containing the broken sockets of the two incisor teeth, the 
left caniue, the first premolur, and the broken socket of the second 
premolar, and a loose first molar. Tlic canine tooth is of human form, 
and there was no space between the upper lateral incisor and canine 
teeth (premaxillary diastema). nie right tympanic plate, which was 
also recovered, is, according to L,cakey, very cliinipanzee-like in form. 

The foramen magnum, part of wlUcU is preserved, is inciined 
backwards at an angle comparable to that found in the anthrqxdd 
apes and in Solo man. The greatest widtli of the skull is in the region 
of the mastoid processes. The bones of the skull in Afrlccnthropus are 
very thick, and the supraorbital torus, which is very strongly devel* 
op^, bears a close roaomblance to the some structure In Plthecanthro- 
pm and Sfrioii^hropue. Tlte ^nn of the forehead is also much the same 
as in tl^ese two t)i>es, the angle of slope (globello-brcgmatic angle) 
of the forehead, for example, being 36 to 37* in Africanthropus as 
compared with 38* in Ffthcccnfhropur. On the other hand, the form 
of the occiput approaches that of noanthropic man, but actually most 
closely resembling dmt of Sloinheim man of the early Neandertbaloid 
tyx>e (see p. 201); the occq^ttal torus, for the nttnehment of sorao of 
the muscles of the back of the neck Is, however, very strongly devel¬ 
oped. 

Unfortunately, a thorongh description of the skull and teeth of 
AfricantkroptJS has not yet been made available, so that we are not, 
at the present time, In a position to draw any sound inferences as 
to its exact characters and relalionsliips. In Figure 115 is shown an 
outline of the sagittal section of Africanthropm compared with 
similar outlines of SffWn/hropus / and If end Homo ncandcrtholcnsU, 
the latter represented by the La Chapelle-aux-Saints skull. It wHl be 
seen that there is a striking resemblance in the outline of all these 
forms. The same bolds true for m;my of their physical characters, 
but the resemblance of Afrlcoiithropiis is obviously closest to the FitJiC' 
cantkropus'Sinanthropm group. 

Weinert believes that Africanthropm belongs with the Plihecan- 
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thTopm‘Siruinthropta group, Aod that the former uadoubte^Iy bears 
some relatioDship to the Neanderthaloid group. The two geologists, 
Reck and Kohl-Larsen* beUeve (hat Africanthropm represents the 
earliest or most primitive member of the Neanderthaloid group, a 
protO'Neanderthaloid rather than a fully developed member of that 
group. Dart and Weidenrekh believe that Africcruhropus is most 
closely related to the Rhodesian Neanderthaloids. Leakey, who studied 
the skull in ld3$, is convinced that it beloogs with the PUliecantkropw- 
Sinanthropus group. Wells, who examined a cast of the skull frag* 
ments in 1950 is convinced that they are definitely r>ot pithectnthr^ 
pine. 

Reck and ICohl'Larsen stated that with the remains of African- 
thropus were IouikI associated artifacts of cady Levalloisian industry. 
Weioert, however, stated that the associated artifacts range all the 
way from Abbevillian to Neolithic. To settle this question Leakey and 
Mr. G. H. Reeve, a geologist, restudied the site in 1937, and fully 
confirmed Reck and Kohl-Iarsen’s statements. The deposit is, without 
doubt, Upper Pleistocene (Caanblian). The stone culture Is developed 
Levallolaian, which in Kenya has been proven to be contemporary 
with the Upper Kenya Capsian (Aurignacian). 

It is an interesting fact that the types of man associated with the 
Kenya Capsian culture. Okloway (1913), Gambles Cave, Elmenteita 
(1924), and Naivasha (1940), all are neanthropic types, while tlie 
contemporary Levalloisian culture Is associated with Africenthropus. 
ITiis Utter association fits the European evidence, for in Europe the 
Mousterian^Levailoisian tedustries are Invariably associated with men 
of Neanderthal type. 

The exact status of Africonshropus is uncertain. If he is a pithe* 
eanthropoid then he was a c on tem p orary of neanthropic man, as repre* 
sented by Leakey's Kenya group of Upper Pleistocene types. How¬ 
ever. it is possible that Africanihropus is a proto*NeanderthaIoid with 
closer affinities to the Rhodesian Neanderthaloids than to (he Pithecan- 
tliropoid'Sinanthropocd group. Whatever the truth may be, it is well 
to remember, as Kroeber bos said in this connection, that no judgment 
on a fossil hiunan form is wholly reliable until it reflects the consensus 
of several experts, and even then, it should be added such “wholly 
reliable" judgmenb in many cases may, with the progress of Imowledge, 
prove susbtandally modiflable. 

Monirruutrin Man. In 1949 Mods. R. Gammas discovered a fossil 
human mandible in a cave of Montmaurin in the Haute-Caronne m 
France. Associated with a pre-Mousterian industry and with a bone 
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layer of extinct fauna, there can be Utdc doubt thut this mandible is 
of Riss-Wurm interglacial age and represents the remains of die oldest 
fossil man thus for found in Fruoce. 

The Montmaurin mandible is in an excellent state of preservation, 
and thouglx smaller somewhat resembles the Heidelberg jaw, It Is 
extremely robust, the Index of robustness being the same os that of 
the Heidelberg jaw, uamely 56.6. It is. thus, tliicker than the mandible 
of nearly all known Neanderthals, being strongly rc'euforced in the 
region anterior to tlie mental foramen. The mental foramen is doubled. 
There is no chin (see Figure 105). 

The anterior symphyseal angle (anterior symphysis with piano of 
inferior border of mandible) is 105*, the angle of the symphysial axis 
with the same plane is 101', almost the same as in the Heidelberg 
jaw and greater than in the majority of Neandertluds. The rami are 
not as broad as those of the Heidelberg /nw, but are larger than those 
of the Neanderthal, and their index, 64.7, exct'ccls that of neanthropic 
man. Tlie mandibular angle is typically that of fossil man, 110*, not 
sharp but regularly curved and rounded. Tlie medial and lateral as* 
pacts of the romi exhibit strong tori, n lateral oblique torus, and a 
medinl triangular torus ivhich is inf<*rjorly continuous with tlie alve* 
olnr "bourrelet.” Tlie mylohyoid groove Is partly transformed Into a 


Figure 105. The Montmaurin Jaw, (Courtesy, Pmf, Henri X'alloi*.) 
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Fr. N. M. H. 



Figure 106. Indinetlon «ng]« td the regiop <3i Freoc^mAo. NeenderthcJ 
Mon, Montmaurm Jew, eod Heidelberg Jaw. Tbe eecttone are in the mid' 
line of the chini with the ajtterior eurfece to the reader’s right. (Courtesy, 

Prof. Henri VaDois.) 


canal. Ail these feattires recsiU Noenderthal chirecters. The condyles 
are broader and longer than those of neanthropic man, and their axial 
angle with the frontal phtoe b 16.5*. The coodylar articular surfaces 
are more oval, as lo the Heidelberg jaw, than flettish as in tbe Neander* 
tbals. The condyles project marke^y outwards. The sigmoid notch is 
deeper than that of tbe Heidelberg jaw, but not as deep as in the 
Neanderthal. 

The alveolar arcades axe markedly divergent. The only teeth 
present, the molars, exhibit a remarkable ensemble of primitive fea- 
tures. Mj is a little smaller than M,. and is the largest of all, its 
module (length x breadth x height) attaining the exceptional figure of 
106. Tbe mesiO'distal diameter of each of the teeth is plainly greater 
than their buccO'Hngual diameter. The Dryopitbecus pattern is present 
on all the molars, there is no dngulum, the hypocooulid and sixth cusp 
ore present. The pulp cavities exhibit some tauiodontism. 

The Montmaurin mandible presents features which give it a posi' 
tion intermediate between Heidelberg and Neanderthal man. 

y^anderthel Man. Neanderthal man is, perhaps, tbe best known of 
our fossil relatives, the remains of more Htan one hundred individuals, 
in addition to a good many variant types, having been discovered and 
described. Neanderthal man is essentially ao Upper Pleistocene, late 
Early, and early Middle Paleolithic form of man, one whose physical 
characters and mental potentialities have most probably gone into 
the making of ourselves, and wlm ends tbe loog line of palantbropic 
types as distinguished from tbe early and late neantbropic types. 

Tbe aanial capacity of Neanderthal man had reached, and even 
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exceeded that of modem man, varying behveeii 1,425 cc. and I,Mi cc. 
in males, with an average of about 1,553 cc. In females the range is 
from 1,200 cc- to 1,480 cc,, with an average of 1,327 cc. The average 
cranial capacity of contemporary Europeans is behveen 1,35C and 
1,400 cc. Tlie skull of the Neanderthal child found in 1938 in the 
Teshik-Tash cave in Soutliem Uzbekistan—thc first Neanderthaloid to 
be discovered in Central Asia—had a cranial capacity of 1,490 cc. Its 
estimated age is nine years, sex is surmised os male. At the same age 
the average modem European boy has a cranial capacity of 1,325 cc. 
The cranial capacity of the Ncandertlial boy, disc^overed on the Hock 
of Gilbrallar in 1927. was 1,400 cc. The age of this bo>* at death, fndg* 
ing from the state of eruption of hUi teeth imd otlier characters was 
about 6 years. At tlUs ago a modem child has about 250 cc. tu go before 
he attains final brain volume, which would yield 1,650 cc. for (he 


Figure 107, One type of Neanderthnl. ‘The Old Mun* of La Chapelle-uuK- 

fiaints. 
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Gibraltar boy's cranial capadty a( its adult volume. Tbe important 
point emerges that the average cranial capadty of Neanderthal man^ 
even thau^ the i^tal lobes xvere of lesser volume—i^obably ex¬ 
ceeded chat of modem man, ami the sbse of his brain suggests that as 
far as potentialities for intelligence and humanity were concerned be 
was probably not less well nidowe<l than modem man. 

Compared with modem man Neanderthal man is distinguislied by 
a forehead which is much less sloptng tlun it appears to be, die 
apparent sloping is an iUusioo created by the presence of markedly 
developed eyebrow ridges, dte su^aorbital toms. Tite lower jaw is 
heavy and cbinless, and the occiput is broad and projecting. All these 
characters occasionally occur in individuals of every living variety of 
man. In spite of the fact that coiwKisions relating to mentality drawn 
from the shape of the rtormal head have long ago been demonstrated 
to be utterly valueless, there are sHll some students who forget them¬ 
selves so far as to assert that Ncoaderthal man must have had a poor 
mind because he had a rather more beetling brow than their own. The 
fact Is that, within a certain range of variation, neitlter the volume, 
shape, nor the size of the brain in the Hominidoe bears any relation 
whatsoever to Intelligcrtce. Individuals wltose brain did r^ot exceed 
750 cc. have been recorded who were of perfectly normal Intenigenco. 
Persons with low foreheads are known to be not ocse bit better or 
worse mentally than those with high ones. Patronldng Tilgbbrow* 
remarks on the low brain development of our early "lowbrow" rela¬ 
tives me therefore strictly out of order This is an important point, and 
we shall have something more to say about It in Chapter VI. But 
before leaving this subject here a lew words must be said concerning 
tbe reconstructions of the facial appearance and expression of Neander¬ 
thal aad other early types of man. Such reconstructions have engaged 
the attention of several anthropologists and titeir reconstruedons have, 
^uite unconsciously no doubt, been determined by their belief that 
these presiuned earber types of men were nearer to the apes than we 
are. Hence they have been given a somewhat apelike appearance. On 
tbe other hand, early neanthropic man is always made to look very 
noble indeed. But the real trod) is that we blow nothing about die 
soft parts of extinct man. and less than nothing concerning tlie ex¬ 
pression of his features, which were probably not less benign than our 
own.* The facts, as we )a>ow them, do not lend any support to the 


* Expcrlme&ts esd esnoieoca have ted CBOft aMtooUstt to beU«v« that It 0 
Imposslbk to lecwasUvct the food appetnsce ood ex pee xsi on of a peiaon, froio 
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notion of a beast-like early man, Straus anti Cave opine that if Nean¬ 
derthal man “could be rcincaroated and placed in a New York subway 
—provided that l»e were bathed, shaved, and dressed in modern cloth* 
ing—it is doubtful whether be would attract any more attention than 
some of its other denizens." 

Chving largely to preconceived notions ns to what Neandertliul 
man should hove looked like he was reconstructed by Boule on the 
basis of the ChapeUc*aux*Saints skeleton ns having kceu cliaracter* 
ized by a bulhbke neck, knock*knees, and as having walked with a 
stoop, that is, not fully erectly. A restudy of tlte skeleton by Straus 
and Cave has led them to tlio conclusion that Boule $ inferences were 
C[ulte wrong, and tliat “there is no valid reason for the assumption tixat 
the posture of Neanderthal man of the fouilh gladul differed sig* 
nificantly from tlwt of present*d»y man.” 

Tlifi handitrafis of Neanderthal man arc* known from the stono 
artifacts he loft bcliiud him. Titese characterize a specific culture as* 
sodated with, but not nocessoiily peculiar to, Ne^indcrllml man wliere* 
ever found. Such artifacts are known ns MoiistcriuA after Le Mcustler 
in Franco, the typo local It)’ where tliey were first foimd, though some 
belong to the still earlier Acheuliun culture. The flint ball, which may 
lucvo been used as a sling stone, is typically as.sociated with Ncaoder* 
thal mau. In addition to the manufacture of i>crforutors, points, discs, 
scrapers, and stone knives, he introduced the use of mineral pigments 
into human culture, and practiced ceK'muiUul interment of tho dead, 
dtus suggesting the existence of a religious system. To tlio spiritual 
life of Neanderthal man we may possibly owe more than eve at present 
remotely suspect. 

Tlic designation "Ncandcrlhal mnn" actually refers to a variety of 
man who, far from boiug the lioinogcncoiis “type" ho is generally 
represeuted as, consists of a variety of forms which are morphologically 
distlnguishahlc as (1) Early Neanderthals, and (2) luiter Neonder* 
tJipls (or so*caIlcd “Classic'' Neanderthals). 


tho with any degrw of e;tacUio%pi. Sev, for example, K. F. Laoder, The 
BMuninoHon of a Skdeton of Known Age, Boeo and Sex. /, Anat. 62'. 

3fl2'391, Z&lfi. See bIxo, Jones, F. Wood: Man's Fhscc Anioa,? Ihc Monimnls. 
p. 36S-365, aod GUbter, J. and Btuvh, J. C.; Mtvireo-Lcpffl Arj^a'to trf Iho Biuton 
Case. p. 244-248. For a vbhncd Aivcex>ful recifaitrucllun see W. M, Krogtiian. 
The BeconstmcHoD of the living Head from the Skull. FBI Lew Enforcement 
BuSetln. July, 1946. M. ki. Gerotinnov, ViMxfanouienle Ilf« iv> fherej>». Mns* 
cow, IzdateVatvo akadenUi oauk SSSR, 1950. 
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Figure lOS. Nekuiderthe) Man. DonMstie mne. Fran ■ peinting by Mau* 
rice Wlbon, (Courteay, British Museum [Natural History].) 


Th4 Early NeandertkaU are aaiocUted with the Thini or Riss* 
Wujm Inter^da], and are repreaented by swh spedmeas as Ehrlngs* 
dor[, Saccopastore, Krapinar Mount Canne!» Galilee, while the LaUr 
Neondrrthois, associated with the Fourth GladaS or WUrm 1, are repre¬ 
sented by such forms as Gibraltv, La Ferrassie, La Chapelle-aua- 
Saints, Moustier, Monte Circeo, Spy I and 11, Neanderthal, La 
Naulette, Engis, La Qinna, La Chaise. 

Early ^tanderthaU. The Third Interglada] (Riss-Wurm) Neander¬ 
thals differ from the Later Neanderthals in tlie following features 
of cranial morphology: The skull Is stigbCty shorter, narrower, and 
higher, (be supraorbital tori are slightly heavier, the parietals and 
occipital are slightly more ejqianded. the vault more arched, the 
cranial base more flexed, the external auditory nseatus tends to be 
vertically elliptical rather than horizontally so, the tympanic plate 
tends to be vertically or obliquely oriented, the facial skeleton 
tends to be smaller, there is a teodeocy to separation of dliary and 
orbital portions of the supraorbital torus, the malar is large with 
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shftrp demarcation between it and tbo maxilla, nnd there is a tendency 
to fonnation of a canine fossa. In most of those traits tho Early 
Neanderthals more closely resemble modem man than do the later 
Neanderthals. 

Laier Neanderthals. The Fouitli Claciol (Wiiim) Neanderthal’s 
principal area of distribution was Southwestern Europe. Sites wliicli 
have yielccl Later Neanderthal remains are* Gcrmnni/: Neanderthal, 
flelgium: Bay*&onnet> Engis, Ln Naulette, Spy, Channel Islands; St. 
Brelado, Jersey, Prance: Malamaud (Aricge), La Chaise, La Quina, 
Pctit-Puymoyen (Charentc), LaChapellC'aux'Saints (Con*6ze),Cenay 
(Cdte d’Or). Combe Grenal, Lti Ferrossic, Le Moustier, Pech de I’Az^ 
(Dordogne), Monsempron (Lot*et*Gnronno), Hyima and Wolf Caves, 
Arcy*5ur>Ciire (Yonoe), Spain: Baflolas. Cova Negra, Gibraltar 
(Forbes Quarry), Devil’s Tower, Pillar, Ifal(/: Fosselone and Cuattari 
Caves (Monte Qrceo), Santa Groce di Bisccglie. 

Tire Later Neanderthals differ from tho Early Neanderthals in 
the following cranial features: Larger, lower, und wider cranial vault, 
with frequent postlumbdoidui flatteolng (resulting from peculiar pat* 
tern of growth and closure of Ioml)doid suture), less fiexed cranial 
base, more sharply anguluted occipital Ixme with relatively heavier 
occipital tori, more horizontal orientation of tympanic plate, with lioav- 
(er anterior and posterior portions, larger facial skeleton, largo round 
orbits, large niisal apcrtiu^, large interorbital spaces, semicircular 
supraorbital tori with fused medial and lateral elements, with no 
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Figure lOd. Moueterivi iodustiiee. ft, b, Side*icnper8 (racloin), c, diec-core, 
ftivl d. point, from rock*sbdter at Le Mousder oeer Peyzftc (^rdogne). 

e, SmftU ftnvil* or hft mDw rtooe (pebble of femiginous grit), Gibraltftr caves. 

f. Hand'ftxe frMit Le Moustter. g. Kand-axe (chart)» and b, oval flakft'tool 
(fiint), from Eeot’s Cavern, lomfOMy. a*d. Typical Mousteriafli £. Mcusterion 
of Acheuliaa tradidcn; g, h, of AAeuIoLevafloisfan tradition. (From Oak¬ 
ley, Man The Tool-Maher. (Courtesy, British Museum [Nature] History].) 
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concavity of majdlla from body to m^dar, there is a convergence of 
maxillary waUs and absence of the canine fossa. 

The Later Neanderthals were robustly built and of fairly short 
stature, about 1.65 m (5 feet 5 inches). 

As will be seen from Table V there api>ears to have been no dif¬ 
ference in the size of tlio brain between Early and Later Neanderthal 
man. 

It was until recently believed that Neanderthal man wta exter¬ 
minated by some other type of man, possibly Cro-Magnon man, but 
tliere is now some reason to believe that this was not tlie case. Dis¬ 
coveries of many varying forms within the Neanderthal group show 
that there were markedly different types ranging from n heavy supra- 
orbltally-ridged low-browed group to o type very closely resembling 
neandiroplc man. Three of the many types of Neandcrtbaloids now 
known may bo briefly mentioned. 

Tlie earliest rqiresentatlve of the Ncanderthaloid type so fur dis¬ 
covered in Europe, so-called Stelnheim man, cxliibila a curious blend 



Figure 110. Tbc Stelnheim skull Right latml view reversed. (From n owt.) 
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Figure til. The Steinheim ikull. Frontal view (fron a cut.) 

o£ Neenderthal and neantliroptc Craits. Found at $(einhoini*am>MurT 
in 1933, the Stelnheim skull (probably that of a female) was assod* 
ated with artifacts of Acheulian age. in a deposit of the MindeURiss 
Intergladnl period of the Middle PIcistocCDe. 

The cranial capacity was 1,079 ec, ratl^er small for a Neandor* 
thaloid, the facial and occipital parts of the skull display a number 
of features common to neanthrc^ic rather (hta to Neanderthal man, 
though, interestingly enough, iht form oi the forehead region Is 
reminiscent of PHheeanthropia. There can. however, be little doubt 
of the essential Neanderthaloid <diaracter of Steioheiin man. It is 
not unlikely that he was a descendant of Heidelberg man. 

Another type was found at Krapina near Zagreb in Northern 
Croatia in 1699. Krapina man is repr ese n ted by the skeletal remains 
of some twenty individuals—all in fragntentaiy cooditior^^-all clearly 
of a Neanderthaloid character, and associated with a typical Mous* 
terian industry. The typical supraorbital torus, and massive lateral 
orbital processes are present, but there is also a strong tendency to* 
wards a neanthropic type of forehead and round-headedness. Bracby* 



TIIE ORIGIN AND EVOLUTION OF MAN 


203 


cephaly, or broad^headedness, occucred in mort of the iiidividnals 
whose skulls could be reconstructed, the best skull yielding an index 
of 83.7. It is in the Krapina Nenndertlialoids that brachycephaly occurs 
for the first tiine in the Hominidac. 

Discoveries made at Ehringsdorf, a village near Weimar, in Get* 
many, during the years 1914, 1916, and particularly 1925, yielded 
respectively the greater part of a human jaw, the fragmented skele¬ 
ton of a child, and the vault and aides of the skull of an adult thought 
to be female. Associated with the skull were implements of Pre* 
Mousterian late Acheulian type. The skull, which was clearly of 
Neanderthalold type, was fbitnd in a deposit which Iwlongs to the 
Rlss*Wurm or third interglacial period, and is therefore somewhat 
later in age than Steinheim man. 

The Ehringsdorl woman had a cranial capacity of 1,480 c.c. In 
important features of the skull such as the form of tlie supraorbital 
ridges, the position of the ear'liole, the form of the occiput, t!ic jaws 
and the teeth, the Eliringsdorf skull is frankly Neandcrtbaloid. but 
in almost all other chnractors this onriy Ncanderthaloid makes a closer 
approach to (lie character of the neanthropic skull than do the later 
and mcro typical crania of Neanderthal man. Tho forehead, for ex¬ 
ample, is remarkably high in spite of massive supraorbital ridges— 
quite like that of neanthropic man, and the bead, in spite of its length, 
is Quito high. 

Such other variant types of Ncnndertlial man as Spy II (1888), 
and Galilee (1925), Gibraltar II (1920}, all exhibit an approach 
towards neantl^ropic man in various important cranial features. It 
is difficult to believe that so innoy liko mutations can have been 
responsible for the appearance of these characters, the more likely 
explanation would seem to lie in a combination of factors in whfcli 
hybridization probably played an imporiant rdic. 

Clear evidence of such mixture or hybridization is to be found 
in the assemblage of neanderthaloids discovered in 193t-1932 in coves 
on the slopes of Mount Carmel in Palestine. These consisted of a 
frankly Neanderthal type, the Tabun group, and another which had 
closely approached the neanthropic type in its physical characters, the 
Skhul group (see Figures 112,113 and 114). Based on a matrix of fun¬ 
damental likeness, the differences exhibited by these types ure of such 
a nature as to render it improbable that they could have arisen spon¬ 
taneously by mutation. Tliey must be regarded os representing the 
expression of fairly recent mixture between neandertitabids and 
neanthropic types or a form closely resembling the latter. Tliis theory 




Figure 112. TabOn I. 


id supported by die presence of a remarkable variety of intergrading 
types between the TabOn and Skhul groups. Any other theory would 
have to assiune (he spootaneous mutaboo of far too many genes or 
far too great a change in gene variability to explain the kind of dif* 
ferences exhibited by these two types. 

Left (o themselves small breeding groups rapidly tend to produce 
a phenotypic similarity in (heir rnembm without in any way affecting 
tbeir genetic heterozygosity. There is a scattering of phenotypic vari* 
ability, and the group tends to becoine temporarily phenotypically 
distinguishable^ as a group, from odier groups or populations. In man 
any radical change in die phenotypccal <diaracteT of the group is 
generally produced by the introductiOD of new genes into the breed- 
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ing populabon. Tlie result may be a temporary iacreusc ui iJviiotypic 
variabiJity, until there Is ag^im a synthesizing of the new jJienntypic 
combinations and tl» group js once more relatively stabilized in its 
phenotypic character. The evidence appears to indicate very strongly 
that the neanderthulcids of Mount Connel represented a group which, 
not too many generations In their past, liad received a new infusion 
of genes from some neantliropic source. In a recent exhaustive study 
of tlie evidence Tlionui has lliotouglily substimHuted this concliislon- 
“En definitive," he writes, on volt quo la Ironsfomiation dcs Ncunder- 
tallens de Palestine ne i>eut ^tre expliquie pur les in^anijfmc.s coiiiuis 



Figure 11$. Skh&l V (ri^it side reversed.) 
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Figure 114. Four view? of SkhOl V. (Court«y, Prof. Chariee Snow, and 
The Peabody Muaeinn. Harvard UnivemCy.) 


de I'evolutioo. L'asalyse d«$ matcruiux £o$siles vdrifie tout au contralK 
lliypothbe du metiasage.* 

While man of the neanlhropic type has not yet been found in 
Israel, there is a high probability that be will be. At any rate, dur¬ 
ing the Neanderthal phase of development, and even during the 
earlier late pitbecanthropoid phase, there were several fonns of man 
living, such as Swansewnbe, and possibly Rhodesian man, who were 
of an early neanthropic type. It has even been claimed, by Leakey, 
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that during die pithccunthropoid i,)liase of development there were 
already in casteuce several types of man in East Africa who had 
attained the full status of neanthropic man but the evidence upon 
which lliis claim is based, has not yet been fully substantiated (see 
p. 256). These axe facts of the first imporbmee for our itndcrslanding 
of the evolution of man, and tliey are facts which have become avail¬ 
able only during the Inst two decades, In the light of the discoveries 
made during the last bventy )'ears the older view that man developed 
or evolved to his present high estate hy a scries of jumps from ape 
to man, has been forced to make way for n more comprehensive view, 
Tlie notion that a more primitive t)'pe simply ivodoced, by spon¬ 
taneous gcueration as it were, a more advanced type, and so on in 
linear succession until modern man was reached, no longer agrees 
with the facts. 

Tlifs typo of reasoning seems also to have conditioned our con¬ 
ception of tlw ninnnor in which the existing varieties of man were 
produced, so that there nro some who still tend—Incorrectly—w speak 
of “lilglier and lower rat'cs." If is tacitly n««umed that both morph¬ 
ologically and tcrniponirily the "lilghcr" t)'pe* were evolved later than 
th<3 “lower*’ ones, 

Tlie facts now avnilahle suggest that this Is an unsound view, and 



Figure 115. Left lateral croinagnuns of four types of fossil skull. (After 

Weinert.) 
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that while in tSe phvlo|^y of man there east undoiibceil linear 
genetic relationships bctu'een some primitive and some types more 
advanced toward the status of modem moo. hybridation between 
different types, difiering more or lees from each other, was an Impor* 
tant agency responsible for the emergence of new types of men. The 
emergent^ of new types through hybridhation, of course, presupposes 
tlie existence of earlier hybridiziog parental types which are generally 
more primitive than their descendants. Since the new types thus pro¬ 
duced wiU be possessed of some qualitatively different diarocters 
these have gezterally been considered as an advance upon the more 
primitive characters of their ancestors. Immediate and remote. In 
the conceptio& of a “scale* or "ladder* of development such differ¬ 
ences were sj^oken of as "higher* and ‘loNver* but evolution is inade¬ 
quately envisaged os either a scale or a ladder It is more akin to a 
reticulum in which many different strands are interwoven in a variety 
of different ways and in different patterns. Conceptually die terms 
“higher" and "lower* tend to inject undesirable meanings into the 
proper understanding of these matters. The (enns "advanced* and 
“primitive'' ore scarcely less ohrectknable. 

An eitfUer form of man need not necessarily be less morpliologic- 
ally developed than a luter form of man. and, indeed, may be more 
so. A skull like that of the Later Neanderthals was not necessarily 
less adaptively efficient than that of ncantlvopic man. The skull of 
neantlux)pic man has become less massive tlian tliat of palanthropic 
man. This does not necessarily moke it superior to the paluithropic 
skull, as is often implied when the words "more advanced than" or 
"more evolved than" are lased in this and in similar connections. 
Difference does not imply superiority. Some differcoces may reflect 
superior odaptive values, but not oil do so. The more robust skulls 
and huger supraorbital tori of palanthropic man may have been of 
sxiperior adaptive value to the less robust skulls and comparatively 
smooth supraorbital regions of neantbroi>ic matt—or they may not. We 
really don't know. Robusticity of the skull endured in palanthropic 
man as a legacy bom his apelike ancestors for tlie greater part of 
his history, and certainly must have bad considerable adaptive value. 
That this robustness of the skull disappeared in neanthropic man 
may have some connection with bis increasiDg fetaiization-^ matter 
with which we shall deal in the next chapter. 

No examples of Neanderthal man have ever been found In Eng¬ 
land, but remains (principally teeth) of undisputed Neanderthal man 
have been found in the Channel Island of Jersey not many miles away. 
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while in England itself several Moxisterian sites have lx‘en dlstoverod, 
affording strong inferential evidence of the presence of Neanderthal 
man in tliat country. As we shall see, the evidence is now beyond 
dispute that ncanthropic types were not only in existence contem* 
poraneously with Neanderthal man, but ilut they were already flourish* 
ing even before the latter’s appearance upon die scene at all. 

Neanderthal man may be interpretetl as boaring many of the ear¬ 
marks of a hybrid type, with a large bruin as the primary novel 
emergent, and a perfectly harmonious inWurc of primitive and more 
advanced i7iori)ho]ogic traits, almost as if some pilhecanthropoid and 
some neanthropic type had been tli« hy1>ridizlng stocks from which he 
had emerged. Solo man would bu an excellent Lx>ssible ancestor of 
the first kind and some early neanthropic type, like Swans combo or 
FonUchevade, of the second. On the other hand, it is estate possible 
to envisage Neanderthal man os a larger-brained descendant of Siuna* 
thropus or Africanihropus, 

That there were quite a number of early neanthropic types uh 
ready In existence in the Middle Pleistocene is u i>oss(biIity which we 
have to consider in the pages which follow. 

Meanwhile, It must continually he borne in mind that though 
many discoveries of different types of men have been mude during 
the lest few decades, these discos^u'ies are probably as nothing com* 
pared to those which yet remain to he made. It is more than likely 
that we shall eventually fiud that In the Upper Pliocene and the Lower 
and Middle Pleistocene there were u fairly large number of different 
types of men, much greater in variety and morphologic character than 
is to be found among (he varieties of man living at the present day, 

Whether some of these types of men originated from independent 
proto'hominid lines (polygenesis) or from a single such line (mono* 
genesis) and subsequently underwent differentintlnn are questions to 
which there is at present no answer. It is quite possible that some 
early types of men did originate from different proto-lrominid lines 
and that from the mixture of such different early men new typos wero 
produced, but the evidence is inconclusive. The majority of students 
are, however, agreed that the living varieties of man belong to the 
same single species and that they originated from a common ancestral 
group. But this Is a matter with which we shall deal in a subsequent 
chapter. 

The Ch^ielperron Skutf. During the latter tlmd of the nineteenth 
century Dr. Joseph BaiUeau, a French physician and enthusiastic 
archeologist, apparendy discovered a human calvarium in the multiple 
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Figure lid. The Chitetpenim Skull. (FroQ Cava. Courtesy of Archatoh- 
gkr.) See oppodtt page. 

ctve of La Crotte dcs F^es> io the commune of CbAtelpenon (Aliler) 
in Central France. Stone and booe artifacts from this cave have long 
boea held to typify the first stage of French Upper Paleolithic culture. 
This culture was already foreshadowed in Ach^lian times. It seems 
to have originated in south«westem Asia and spread to western Europe 
before the end of Mousterian times. The characteristic tool of ChAtel* 
perron is a flint blade Imife with one edge straight and razor*like, and 
the other edge curved over to a point and blunted by trimniing. This 
earliest Upper Paleolithic culture was formerly called Lower Aurig* 
nadan, but is now biowu aa ChItelpeTTOnian (see Figure 118). 

The Cb&telperroD calvarium, which almost certainly came from 
the cave of La GroHe des Ffes. is highly mineralized and extremely 
heavy. The character of the bones is idoitical io degree of minerali* 
zatioo and hue with most of the animal bones from ChAtelperron. 
The industry of La Grotte des Fdes is characteristic* and theie can 
be little doubt that the calvarium came fnm the same horizon. 

The Chitelperron skull consists of an incomplete skullcap, com¬ 
prising the entire right and the greater part of the left parietal, the 
whole of the right and the greater part of the left htmtid. The skuU 
is probably that of a male who died witlim his fourth decade. The 
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Figure 117. The ikuJI of e CrO'Mtgnon male. 


bones sio extremely thick, varying between 6.0 to 10.0 Is the medio* 
frontal region, being 7.5 mm. at the right parietal eminence (euryon), 
and ll.O mm. at the thickest parts of the parietals. The merest rem* 
nant of the bony nose indicates that the nasal skeleton was prominent. 
The (right) superior orbital margin i$ sharp and gradte, and termi- 
nates laterally m a strikingly developed external angular process. 

Perhaps the most strild^ feature of the skull is its extreme brachy* 
cephaly. The marimiim length is J66.0 mm. and its maximum breadth 
15S.0 nun., the cranial index is theref^ 85.5, being cn fact a little 
over an inch short of being as broad as it is long. The top and the lower 
sides of the skull exhibit a markedly flattened (platycranial) contour. 

When compared with crania of later, Aurignacian culture, such as 
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tlie Soluh-enii, Pr^most, and Obcrcjiiwl skulla, rile* OhaleliJtTron skull 
is 5ome%vhat bro»i<ler and flatfer In vault, hut othmvis^ very sim* 
Uftr in its contours. Tlie cranial capacity of the Chdfolix*rron skull i» 
about L,425 cx. 

Cfo-Mflgnon Man. It was formerly believed, |)rincipally, Iwause 
it was the most convenient theory at the time, that Crc-Mapnnn man 
had exterminated Neanderthal man. Tlijs \vo\ild hu\*e constitetted (jiiltc 
11 feat, sioee Neanderthal man is known to liave inhabited almost 
every part of die Old World! On tlie other hand, there seem.s good 
reason to believe that far from exterminating NeundeithnI mun, Cro- 
Magnon mnn, a true neanlhropit t>T», was at least n late contemporary 
of Neanderthal mnn and that intermixture between them probably 
occurred in Euroix?, if not elsewhere in the world, upon a fairly ap¬ 
preciable scale. 

Tlie Cro-Magnons were orighinlly discovered In 1868 in a I'ock 
shelter in the limes tom* cliffs of tlie little village of Cro-Magnon In 
southern central Prance. Between 1872 and 1902 the remains ol 
thiitecn other Cro-Magnon indl^'idllals were discovered in the caves 
of the Bed Rocks of the C8to d'Azur, some forty minutes walk from 
Mentono on tho Italian Riviera. Since these discoveries were made 
a headless incomplete skeleton found in Puviland Cave in Sontliwcstcm 
Wales in 1823 has been identified ns almost certainly a ntembrr of 
tho Cro-Magnon variety of man. 

Tlie Cro-Magnons were a remarkable people in many ways. Physi¬ 
cally they were a very variable group, some of them reaching a height 
of five feet eleven inches, and a cranial capacity of 1,660 c.c. Tlio size 
of the brain-case compared to the size of the face, which is very 
short, is large. Culturally the Cro-Magnons wero the makers of those 
masterfully worked stone and bone implements which arc typically 
associated with the Aurignacian period. Tlie Cro-Magnons ore also 
thought to be tho pcopb responsible for the masterly cave paintings 
and realistic sculptures of animals which have been discovered in many 
different parts of Europe. 

Where the Cro-Mognons originated remains at present a mystery, 
but it would appear likely fmm the nature of their physical characters 
that they must have had quite an Interesting biological history behind 
them. 

Grimaldi Man. In one of the caves of the Red Rocks called the 
Grotte des Enfants, bclmv the village of Grimaldi, there was found 
Intnided, by burial, into a Mousterinn hearth, the skeletal remains of 
a female of alwut 30 years of age and of ft boy of about 15. Tlic skele- 
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ton of the boy was stulned with red orcinv. A.ssociatcxI artif;icM pro\'C 
the remaius to 1>eIong to the early Aurignacian poriwl. 

Immediately above t)^e«e remains, at various levels up to the floor 
level of the cave, were found the remains of four other Oro-hfugnon 
individuals. 

The Grimaldi remains arc nssumed to be those of mother and son 
since they closely resemble one another. Especially In their cninlel 
characters, which are best seen in the hoy, the Grimaldis exhibit cer* 
Cain signifleant differences from the Cro*Magnons. Thus, the teeth of 
the boy are Urge, and are associated with pwjecting upper and lower 
Jaws. The chin is somewhat receding, Tlie nose is broad, and the lower 
margin of the nasal opening instead of tenninatins in a sharp edge, 
ends in gutters which continue on the outer surface of the upper jaw. 
The palate is distinguished hy the median bony elevation known as 
the torus pahiinus. TIw face is short and broad, but very nnn'Ow below 
the cheekbones, with low bread orbits, as is the cose in Buslimeu* 
Hottentots, Cranial capacity was 1,265 c.c, for tl^el female, and 1,454 
c,c. for the boy. 

The long forearm in pro|>ortion to tlie upper aim, the long lower 
leg in proportion to the length of the thigh, the flatness of (he lilac 
Slades of the pelvis, and the projection of the hechhonc (t^lcanans) 
behind the ankle*Joint (nstragalo^tiblai Joint), have been interpreted 
as Negroid cliaracters, the suggestion being that it would be diffl* 
cult to account for them upon any other Uy[)othcsi8 than that tlielr 
hearers wre at least partially of Negroid origin. 


Figure 115. Upper Paleolithic flint tooh. it ChAtelperronian knife'point. 
Chillelperron (Allier). b. C«rB^'ettiQ^ knifc'point Laiissel (Dordogne), e. 
Trapezoid blade. Crrsweltinu, Kent’s Cavern. Torquay, d. Perigordlan 
(Crnvettian) graver or hurin, Laiigerie Haute (Dordogne), e. Auriguacian 
nosed graver (burfn huitquO- Ffynnon Bueno, Vale of Clwyd. f, Aurigoadan 
hiirtn httsgu^, Cro*Mngnon, Les Eyzies (D<irdogi>e). g. Magdnlenian graver 
(hurin hec-de-fiiUe), La Kfndeleine rock-aheller, Tursac (Dordogne), h. 
Strangulated blade, or double "spokeshu^ e." Auriguudan, Laugerie Haute. 
I. Nosed scraper, or “push-pkne," Aungnaelini, Laiigerie Haute, j. End* 
scraper (gratloir), Cac Gwyu, Vale of Clwyd. k. Solutreon piercer, or “hand* 
drill." Laugeric Haute. 1. DnublG*euded gruttoir, Magdnlcuian, Crottc des 
Eyzies (Dordogne), m. Mugdolcnion b!ade«core. Grotte desEyzies. u. Frag* 
ment of saw-blade, Magdaleinan, Laugerie Haute, o. Mogdaleninn concave 
end'Semper or "spoke*shav'e,” Limeuil (Dordogne). (From Oakley Men 
the Tool’Mok^. Courtesy, British Museum [Natural Historyl.) 
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Figure 119. Superpositions. 1. At Tey^et, superpo<ih«is of engrtvings of the 
same phaM (phase $) and st)1e. 2, At RmtHle-Caume. suparpoeitions of 
paintings of different phasee->the bead of a rfaioocerus in red outline (phase 
I), covered by a shapdess figure In black, covered by oxen in black fiat 
wash (phase S), mw e J by a feebly polychrome bison (phase 4). Upper 

Paleolithic. (From Burkltt. Courtesy, Cambridge University Press.) 

Some of these Negroid chancteit, such as the lunb-proportions, 
the projecdog heehbooe, and the general diameters of the face are 
retained by tbe Cro*Magnons. but ia all other respects the latter are 
predominantly Caucasoid m type. In point of fact tbe Crunaldl skuUs 
exhibit traits which are far more reminiscent of the Archaic Caucasoid 
than they are of the Negroid type, that is to ay they resemble those 
of Australians or Pre^DTavidiaos of India and Ceylon more closely 
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than they do those of Negroids. Whatewr the tmth may be, the re¬ 
lationship between Crimaldi find Cro-Magnon man is a very close one 
indee<l, and the skelehil remains of both these forms of neanthropic 
man suggest the possibility that a Nortli African Negroid or AsiftUe 
Archaic Caucasoid or Australoid (see pp. 447-448) component played 
u part in the development of the early poijulutions of Europe. In¬ 
deed, it would be difficult to conceive of such u com^wnent or com¬ 
ponents not entering into the formation of any of the peoples living 
along the fringes of the Mediterranean basin on the one hand, and 
in northern Europe on the other. 



Figure 120. Craniogram of a Cro-Magnon compared \s‘ith (luit of the Nean¬ 
derthal skull nf lid Chapelle-aux-Sslnts. 
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Thvs we $ee thet Keendertba! moa bad (wo variable type; of 
neanthropic mas ai possible contemporaries «vicb whom intermixture 
may have occurred to produce new types ol men. Tliere is even a 
possibility dut there were quite a number of additional neanthropic 
types with whom such miriure may have occurred- l^)ese are the 
men of Engls. Aurignac, and Cc«nbe Capelle, all associated with early 
Aurignadan cultures. Tike latter have, at one time or another^ been 
cited as possible resultant examples of hybridization of other forms 
with Neanderthal man. None of them are definitely known to have 
been contemporary with Neanderthal man. 

A group of neanthropic men wbo may be tike descendants of 
crossing between Neanderthal man and Cro-Magnon man or simply 
a local variety ol the latter are the people of Briinn and Pfedmost in 
Moravia or Ctedv^lovakfa, these are generally VzMwn as die Pred* 
most people. 

The PHdmoet People- At Bnlnn In 1988 a skeleton was found, 
in 1381 0 skulk and in 1937 another skeleton, of a neanthropic type 
associated with artifACts belonging to die late Aurignacian and the 
eikrly Solutrean period. At Pfedmost. some fifty miles to the east of 
Briinn, tliere were found between 1890 and 1928 the skeletal remains 
of over 40 Individuals of the same type and of the same culture. 

The ^dmost people exhibit a number of characters which sug¬ 
gest Neanderthal-Cro-Magnon aocestry> with the latter predomina^ 
ing. For example, in the development of tlie supraorbital ridges, in 
the preauricular length of the skull, in the retention of some degree 
of prognathism the Neanderthaloid ancestry of the group is believed 
to be reflected. 

While it is Cnie tliat the supraorbital ridges are very different In 
character those of Neanderthal man. th^ are nevertheless such 
as would be expected in the descendants of a Neanderthal-Cro-Magnon 
cross, an expectation based on die fact that in Australiao-Caucasoid 
crosses, where the Australian has marked supraorbital ridges and a 
low forehead, while (bo white bas slight supraorbital ridges and a 
moderately high forehead, the latter conditions are dominant in the 
hybrids and in their descendants. 

The mean cranial capacity of Pfedmost man is 1.590 cc., height 
was about five feet and seven inebes, figures vriiich agree with ex¬ 
pectation on the Neandertbal-C^Magnon theory of their ancestry. 
Further evidence in support of this theory is to be found in the pres¬ 
ence of several Negroid or Australoid traits in tbe skull of Ffedmost 
man, such as its narrow, fiat-sided, long and high form, together with 
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an appredabld degree of prognathiam, characters ulso found in the 
male skull of Combe CapeUe. It is practicnUy certain that, at least 
in one period of his existrace, Pfedmost man was a contemporary of 
NeAnderthal man. However this may be. we now have clear evidence 
of the exi.stence of the neanthmpic type before the apiwarancc of 




Figure 121. Upper Paleolithic home art. 1, Venus of Laussel. 2, Venus of 
Kostenld. 3, Horse's head from Mas d’AaJ. 4, Engraving on bone from 
Creaswell Crags. 5, Fish palette from Crotte de Bey. (From Burkitt. Cour* 
tcey, Cambridge University Press.) 
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Neimtlt'rthsil man. Wc may nmv fiirn to a consid^ation of tills cvi- 
(l^ce—with n bivf side-rxcursion before quite doing so. 

Tht Pifldou'n Hoax. The Piltdown remains are discussed here for 
several reasons. Firstly, because they have played a leading role for 
over forty years in discussions concerning the evolutitti of man, and 
secondly because they provide something of an ilhistradon of tl>e difB* 
aiktes besetting the strident of the fragmentary remains of hominoids 
—whether early or late. Finally, die wliole story provides something 
of a cautionary lesson for those engaged in the evaluation of such 
remains. 

''Discovered* between the years ldOO-1915, by Mr. Charles Daw* 
son, an amateur English archeologist, at Piltdown, near Lewes, in 
Sussex, England, Piltdown man’s discovesy was announced to the 
world in December 1912, and named die Dawn Man of Dawson, 
Eoanthropui dawsonl. A subsequent series of finds brought the alleged 
number of the type up to two. The remains consisted of the right half 
of a lower jaw with two molar teeth m sUu, the left temporal, parietal, 
and nasal bones, a turbinate bone, and a good part of the frontal and 
occipital hones. The second find, stated to have been made at a dis* 
tance of two miles from the first, consisted of a molar tooth and parts 
of the frontal and occipital bones. Part of a third skuU, found at 
fiarcombe Mills near Piltdown remained undescribed until 1951. The 
Barcombe Mills skull is in every respect modem, but from die charac¬ 
ter of its artificial staining it is probable that it was used for experi* 
mental purposes in preparing the forger's chef (Toeiwrt. The Barcombe 
Mills skull consists of a Urge part of the frontal bone, a fragment of 
what may have been part of a right parietnJ. a pair of zygomatic bones 
which do not in any way fit the frontal, and a mandibular right second 
molar tooth. A canine tooth, allegedly found in 1915 in the same 
Pleistocene gravels from which the original bones were said to have 
been removed, is very chimpanree-like in fonn. 

The Piltdown remains immediately became bones of contention. 
It was questioned whether the jaw and teeth could possibly belong 
svitb the hominid cranial bones. Ibe former were apeUke. the Utter 
were unqucstioxiably human. It was asking a great deal of anyone 
critically considering the evidence to believe that a cbimpanzee-like 
mandible and canine tooth could possibly have belonged to a skull 
so like that of modem man. MocphologicaUy, the association seemed 
to be so improbable that most students refused to accept die jaw and 
canine tooth as belonging to anything but an ape. On the other hand, 
Broom, who re^amined the Piltdown remains in 1949, had very litde 
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doubt tbrtt the Piltdown mandible belonged to die same indivkliial 
as die braiQ^case. He considered that Piltdown \viis a big-hraincd 
fyi>e of man that evolved on a quite differeni line from true Home, 
As for the simian shelf (a sort of internal chin) in the Plltdown man* 
dible> this he reasoned is probably not an indication of dose affinity 
witli the anthropoids, but n specialization due to evolution parallel 
with that of modern apes, just as the large brain of tliis type may 
have been a parallel development to what is found in the line of 
Home. 



Figure 122. Beconslruclioii of ihe spurious Pilfdown skull. Only the riiiht 
side of the mandible, the first two molars in aHu in the orang jaw, omi the 
probable chimpanzee canine ore shown in this inanufacturtrd specimen. 
These structures are here drawn as of the left side to match the cranial bones. 
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There is not the slightest evidence that anthropoid apes ever ex¬ 
isted in England. But even if (bey had it is extremely improbable that 
on anthropoid ape’s mandibk would be deposited in the same gravels 
with a human brain-case. It was pointed out, in opposition to this 
nrgument, that when the thi^bone of FUhecanthropus erectus was 
described many shidents refused to accept it as belonging with the 
skill cap because they felt it was too human-like for so primitive a 
skull. Today no one hesitates to accept tlie two bones as having be¬ 
longed to the same type, if not the same individual. Evolution, insofar 
as it affects the various parts of the body, has been asymmetrical. The 
lower extremities attained their manlike form before (he skull. Sim¬ 
ilarly, the skull in its various parts exhibits evidences of asymmetric 
evolution. In all early forms of man the mandible seems to lag behind 
the brain-case in its develo{Mnent. The lack of a devebped chin in 
most early forms of mno is a good example. In the case of the Pilt- 
down mandible. It was argued, we may be dealing with an example of 
asymmetric evolution in much d)e tenns suggested by Broom. The 
simian shelf is not a primitive character in the Anthropomorpha. It is 
not present in any of the early anthropoid fossil types, hut is ob¬ 
viously a late specialization. If it developed in the great apes, wliy 
not in an abenant branch of man as well? Despite Utese arguments, 
many students remained unconvinced. The mystery to many scientists 
will always remain how anyeme with the slightest knowledge of oste¬ 
ology, the coroparetive osteology of the i^imates, could have failed 
to recognize that the mandible under no circumstances could be morph¬ 
ologically harmonized with the cranial bones. That, it in fact be- 
Icmged to an andiropoid ape. The great thickness of the cranial bones 
compared with the slightness of the mandible presents a striking dis¬ 
harmony such as is never seen in any oormal skull. Hie canine tooth 
perfectly matched the anthropoid character of the jaw, and no known 
form of man was loiown to possess such a tootK The openmindedness 
of the experts, however, was such that they were willing to grant the 
possibility that both mandible and canine beloaged with the cranial 
bones. 

If there was any doubt about the homiiud character of the man¬ 
dible and canine there was (tone whatever concerning the brain-case, 
for in its reconstructed form this revealed an obvious member of the 
genus Home of as early oeasthiopic type with skull bones almost 
twice as thick as diose of modem man. The cranial capacity was com¬ 
puted to be between 1,200 and 1,400 cc., McCregor estimating it to 
be about cc. 
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In association with the Piltdown fragments there was ulleged to 
have been found a number of what appeared to be the sirnplest type 
of stone tools, “eoliths," a worked flint, and a iMge bone implement 
made from the thigh-bone of an extinct elephant, tlioughl to be Elephas 
meridionalii. Since the latter lived in Europe in the Upper Pliocene 
and Lower Pleistocene tlie antiquity of the Piltdown remains was at 
first referred to the Lower Pleisiooene, but it was subsequently shown 


Figure 123. a. Left outer uud b. right Inner side of lowei Jaw of the faked 
Piltdovm Man B compared with that of chimpanzee A, Heidelberg Man C.. 
and Modem Man D- c, canine tooth; m.l = first molar tooth. Oiie-hall 
natural size. (Courtesy, British Museum (Natural Kisloiy].) 
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that anima] fo&sils of later date are found io the same gravels as were 
the Piltdown remains. A test of the fluorine content of the Piltdown 
bones (the test described in detail in the section on the Galley Hill 
skeleton, pp. 240-241) showed their fluorine content to be incom* 
padble with an extreme antiquity. The basis of the test is that a form 
of calcium phosphate, known as hydroxyapatite, is progressively con* 
verted to fluorapatite, as fluorine is absorbed from water in the soil. 
Under the same conditions, and particularly for neighboring fossils, 
the oldest bones are therefore those with the highest fluorine content. 
In September 1949, at a meeting of the Britisli Association for the 
Advancement of Science, Dr. Kenneth Oakley announced the results 
of the application of the fluorine test on all tbe available Piltdown 
materials. 

Oakley and Hosidns found that all the animal remains of undoubted 
Lower Pleistocene age from the Piltdown melange showed high fluorine 
content, while all those known to be of later Pleistocene age in the 
same bed showed a considerably lower fluorine content All the re¬ 
mains of Piltdown man—and some 20 micTOsamples were analysed— 
shosved extremely little fluorine. It was concluded that fluorine had 
been deficient In tbe Piltdown ground-water since the gravel was ac¬ 
cumulated. Nevertheless the test showed conclusively that none of the 
bones and teeth attributed to Piltdown man belonged to the Lower 
Pleistocene. However, where the first test failed to be sufficiently dis¬ 
criminating was in obtaining a similar fluorine content for both mandi¬ 
ble and cranjal bones. The mandible and associated braln-case being 
of the same age. it was argued, it was probable that they dated from 
the final settling of the gravel, whidi from the physiographic evidence, 
the paleontological findings, and the fluorine tests was now revised 
downwards as being not earlier than the last intergladal. 

The posltiOD. then, was that it was still open to scientists to argue 
about the naturalness of the association of an ape-like mandible with a 
typically human brain-case, but in the tight of the revised dating it 
was suggested that the probabilities were io favor of mandible and 
cranial bones belonging together. 

In 29fil, Montagu examined the Piltdown remains and concluded 
that on morphological grounds the mandible could not possibly belong 
with the cranial bones. In July 1953, Dr. J. S. Weiner of Oxfcad Uni¬ 
versity decided that several things were not as tliey ought to be about 
the Piltdown remains. The flatness of tbe occlusal surfaces of the two 
molar teeth was quite unnatural and un-apelike, the lack of smooth 
continuity of biting surface from one molar to die other, the unnatu- 
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rally heavy wear of the immature cnniiie, the whitene« of tiao dentine 
beneath the darkly stained surface of the tooth> all suggestetl that arti* 
ficial filing and staining had been the methods by wiuch the superficial 
appearances had been produced. Proceeding upon this assumptiou 
the mandible was subjected to a new fluorine test in which u drilling 



Figure 124. Faked “Plllilowii’ bone implenwnt. m»do from the ihlgli-laHit* 
of un elephant, and retaining fxirt of (he concave inuur wall of the marn»w 
cavity A, the smouth hinder surface B, arid the outer edge C including the 
third troclkanler; nearly nne*lhjrd nalumi sixe. h, accideutully Irrokcn hollow. 
e. natural break, p. inner wall of perforation from whicli outer w alls have 
been broken away, x, beginning of another perforation. (Courtesy. Britldi 
Museum [Natural History!.} 
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of deeper iub^tance was analysed. This now yielded a figure of 0.03 
per cent, as did the two molar teeth and the canine. The cranial frag¬ 
ments from site I yielded the much higher figure of 0.1 per cent, con¬ 
sistent with the value yielded by specimens of Late Ice Age. The arti¬ 
ficial stain whj<^ had been used to give Che bcnes an appearance of 
antiquiQ* bad falsified the fint fluorine tests. But even before the 
second test the deeper <lrilJing while in process induced an odor of 
‘burning hom.” such as is associated with the drilling of fresh bone, 
an odor which was absent when die cranial bones were drilled. Fur- 
tliermore, while the drilling of the mandible yielded shavings of bone 
as fresh bone does, the crania] booes yielded a fine powder as old 
bones do. It was now reasonably certain that the mandible was races t 
and did not belong with the older cranial bones. 

Following theM revealing findings a whole battery of tests were 
applied to the Plltdown fragments. Meanwhile, Weiner, Oakley, and 



Figure 125. *The Pilldown Cooumttee." Penonalides concerned with the 
Pilldown “discovery.* Badi Row; Mr. P. O. Barlow, maker of the casts, 
Frof. G. Elliot Smith, anatomist, Mr. C. Dawson, the "discovarer,* and Dr. 
A. 5. Woodward, zoologist. Front Bote: Dr. A. S. Underwood, erpert on 
teeth. Prof' Arthur Keith, anetomist, W. P. Pyoaft, zoologist and Wood¬ 
ward’s assistant, and Sir Bay Lankester, zoologist (Proo the peiatlng by 
John Cooke, RA., e^bited at the Royal Academy in 1915.) 
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Figiiro 127. A comparison in bmin shees. ChimptiuM 400 uc. Pitfwccnthro- 
pus 860 cc. Sinanthropus 1075 ec. Homo mpism fouUis 1300 cc. Modent 
Miin 1400 cC. Neanderthal Man 1450 cc. Pledmoet 1500 cc. 

Le Cros Cl&rk, during the last week ol November 1953 published *The 
Solution of the Piltdown Problem,* lo which tlrey announced their 
findings and the conclusion that the Piltdown skull was a fake. In 
January 1955, ‘‘Further Contributions to the Solutiem of the Piltdown 
Problem* was published, giving a detailed account of t1>e results of 
the battery of tests to which (he booes had been submitted. This re* 
port, the work of a dozen investigators, showed that tlie mandible, 
stone artifacts, and the shaped Stegodon (Elsphos pUtrUfrom) *toor 
were all faked. The bone "tool* had been shaped with a steel knife 
from the long bone of a genuine fossil elephant, and the stone artifacts 
had been artificially stained and introduced into the Piltdown gravels. 
Four pieces of broken teeth probably representing two molars “asso¬ 
ciated* with the Piltdown remains have been identified as belonging 
to the fossil elephant Elephos ptanifrons. Since this species of elephant 
does not occur In Western Europe the fragmeoH of teeth must have 
been imported from some foreign source. A piantfrons from Iclikeui 
in Timisia, where the fossil remains of this spedes are abundant yielded 
a radioactivity count practically identical with the planted Piltdown 
planifrons teeth. They were aitifidaJly stained to match the color of 
the other Piltdown plants. Sic transU Eoontkropus d<nvsoni. 

In 1959 de Vries and Oakley, by radiocarbon dating, showed that 
the Piltdown skiJ] was 620 ± lOO years old, and that the orang man¬ 
dible was 500 ± 100 years old. Oakley points out that it is the custom 
among Dyaks in Borneo to keep orang skulls as fetishes for many 





Figure 12S. The Swanscombe skull, a, left lateral vie'v, b, left laterul euclf)- 
cranial view, c, occipital view, d, occipital endocr&nial \'iew, e. \*eitical view, 
{, basilar view, (Couilesy, Dr. G. M. Monint.) 
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Figure 129A. The SwAnaectnb* ikuH Vertfcal view. (CourteeY, British 
Museum (Nature] Hietory].) 

guneratioQs, and it was doubtless sud) a skull that the mandible 
was derived. 

This is not the place to consider either the possible identity of the 
forger or his motives. For that story the reader may be referred to 
Dr. J. S. Weiner's fasdnaKng anthropological ’whodunit," The Pilt’ 
down Forgery, 1955. 

The London SknB. Id November 1925 most of tbe occipital and 
left parietal bones, and parts of tbe right parietal of a single human 
skull were found In central London, during excavatsons for the new 
Lloyd's building. Tbe age of tbe deposit in which these bones were 
fotind are believed to be Upper Pleistocene. The bones and the brain 
cast taken from them display an interesting medley of features, some, 
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Figure 129B. The Swansvombc xViill. Occipital vic^^^ (Omirtexy^ BriUnh 

[Nnttiml Hi»torylO 

it wq; at one time diouglit, bearing close affinities to Neanderthal mum 
but careful study of this fragmenbiry skull reveals that its closest 
affinities are with the Cro*Magnon ratlier than with the Neanderthal 
type. It ls» indcKl, quite possible that the latter were the feint »uicc'stors 
of the London Lady (the smoothness of tbo bones and the weakness 
of the muscular impressions indicate tho probability that the sex was 
female). Tho cranial capacity has been estimated to have l>ccn about 
1,260 C.C., some 40c.c. less than in tlie average modem English woman. 
The slightly greater fullness of tlw purictal region, and the form of 
the bony compartment for the cerel>eHinn sufficirntly distinguish this 
skull from the Neanderthal type to bring it within the range of the 
early neantiuopie types. 

Stconacomb# Man. In 1935-36 at Swanscombo, Kent, in England, 
in a deposit which is not later than the second iiitcrgladal of the* Mid' 


» 



Figitre idO. AcIwuIma luind*«x«f with tha Swaxiscooibe skull. 

1. found six feet e«it of occfptaJ bene. 2. found one foot weft of occipital 
bone. (Ccujieey, Royal Anlbropolo^ca! Institute.) 


die Pleistoceoe, an extremely important find war made of a human left 
parietal and occipital bone. In 1955 the right parietal bone wax ro' 
covered ftom the same deposit seme 50 feel from the original find. 
Except for the remarkable thickneas and the great breadth of the oc¬ 
cipital, these bones are otherwise indistinguishable m form and char¬ 
acter from those of modem man, and there can be little doubt that 
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they belonged to an early neantliropic types Assotiated with these 
bones were artifacts of Early Middle Acheulian type, that is to &iy. 
representing an industry very appreciably antedating tlie Lite Achcu* 
ban and Mousterian industries of Neanderthal man. 

The importance of the Swanscombe find lies In the fact that it 
strongly suggests the existence of a neanthropic tyi)e of man in on 
early geological and cultural horizon. 

The cranial capacity of this, probably female, skull is Mtimuted to 
have been about 1,325 c.c. 

Interestiogly enough, about the year 1912 portions of a human 
calvarium together with part of the upper jaw, the whole nf the lower 
jaw, and the first and second cervical vertebrae ivcre found at a depth 
of eight or nine feet In the alluvial gravel at Swanscombe, but since 
the skull was of modem type, it unfortunately seems to have been 
assumed that it could not have been of the geological antiquity indi¬ 
cated by the deposit in which it was found, Tl^e present whercabouls 
of tliese remains are unknoum. 



Figure 131. The Swan&combe endocniniMl cast of the brain and its recsMi* 
structini together with (he mid'SOggital sectiem of the parietal and occipitul 
bones as the basis for a reconstruction of tlw frontal and facial purtions of 
(he skull (reconstruction of the brain olnnc after Le Cros Ciurk). 
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Figure L31 Th« Swanscombe pahetal and occipiteJ bonet with the con)eo< 
fured nainthropic /ica added. 

Quintano SkuU. Id a cave m the locality of Caiotta» Dev Quinzano 
in the commune of Verona, Italy, there was discovered in 1933 a highly 
fossilized occipital brme wliich both In its fonti and measurements 
closely resembles the Swanscombe ocdpital. The hjasterionic diameter 
of the Quinzano occipital is 1S4 mm., and of the Swanscombe occipital 
123.5 mm. Found associated with the remains of Elcphas and other 
exti&ct animals in the same state of fdssiUzatiOD, there wve also uso 
elated stone artifacts of Clactonian and LevaHoisiitn industry. Battaglia, 
who described the fiod in 1943, conriden that the occipital may have 
belonged to a female between 40 and 50 years of age. The combined 
evidence mdicates a Middle PaleoHthic Riss'Wurm age—that is to say, 
an Age appronmately the same as that of Swanscombe. 

A single occipital bone is hardly suSdent material upon which to 
establish relationships, even though comparisons are perfectly in order, 
so that all that can be said about the Quinzano occipital is that it 
closely resembles that of Swanscombe, and since it is of approximately 
the same age, Quinzano Ttuti/ be related to Swanscombe. 

The Galley HiU Sleelwton. The Galley Hill skeleton is referred to 
here at some length for several reasons. Firstly, because up to recent 
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iimei tho skeleton had hicrcnsingly come to be accepted as a 
probable representative of second interglacial man. Secondly, in the 
first edition of tbis book the antiquity of the Galley Hill skeleton was 
forcefully defended. In the summer of 1048 the anther was able to 
study not only the skeleton itself, but also the general geological and 
stratigraphical conditions of tire site from which the skeleton was 
recovered. In uddition> the l»nes have been .subjected to a chemical 
analysis, tlic results of which would ulonc be sitflicicnt to disprove all 
claims to antiquity of the Galley Hill skeleton. It is for these reasons 
an<l also because the Story nf the Galley Hill controversy illumine.s 
die nature of the problems as \vell as the dangers and pitfalls which 
confront the paleoaathropoluglst that a scjmcwlwt extended account 
of Galley Hill man is given here, At the some tline the account will 
provide an opportunity to discufts some of tlie methods by means nf 
which such problems as wii-e presented by the Gulley Hill skeleton 
can be solved. 

Tile Galley Hill skeleton was found by a wjrkman In die Gulley 
Hill pit, some 500 yards from tiu* (piairy in which tho lemalns «)f 
SwanscomSe man were foimd in iy.i5*3e. Tlio Gulley Hill find was 
made in Scptemln*r 1888. Xir. Bolxrt Ellii't, who saw tho hones in 
situ soon after they were hnmd, staled that they wore “about two 



Figure 133. Left parietal Imne of the Swanscombe shall, seen from behind, 
placed In apposition to the right parietal bojie nf a modem European skull. 
(Frooi Le Cnw dark. Courtesy, hrilish Museum INuliiml Hnbio'l ) 



Fiffure 134. SwaMcombc mon. Huit(in| mne. From a painting by 
WJson. (Courtecy, Britisb Mu$«um iN’aturat History].) 

fc«t above the top o£ the chalk and dght feet from the top of the 
grave!, portions of bone were proiecting from a matrix of clayey 
loam and saod.. . . 

"The section of gnvel was 10 or 11 feet thick, and extended for a 
considerable distance along (he south and east end of the pit; several 
pot'holes or pipes running from it deep into the Chalk ... the section 
on either side of the remains . . . presented an unbroken face of 
gravel, stratified hoHzonUlly in bands of sand, small shingle, gravel, 
and, lower down, beds of clay and clayey loam, with occasional stones 
in it—and it was in and below this that the remains were found. We 
carefully looked for any signs of the section being disturbed, but 
failed; the stratification being unbroken.* 

Excavation of the Calky Hill site in 1948 revealed a stratified 
sandy gravel some eight feet thn^ which has been disturbed by the 
solution of the underlying chalk. The solution of the chalk is due to 
a downward percolation of carbonic acid laden waters through the 
gravels. Because this process has been so pronounced at this site no 
original bones or shells have survived in the gravel. This is a telling 
bit of evidence. Why should a human skeleton alone have survived? 
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Analysis of the gravels, sajuls, and Itkiins Galley ffill sli osvs fhut 
they have been completely dt'calcified (the pH is 6.8*). A humun 
skeleton could scarcely have survived in such an environment since 
Middle Pleistocene times. It must therefore he concluded that the 
bones were introduced after the deposits had become decalcified. 
Furthermore, analysis of samples of soil wliich were recovered from 
the site with the skeleton and subsequently, reveal the presence of 
sand, silt, and clay. The presence of a skeleton embodd«l in such a 
mixed matrix is suggestive of artificial liuriul, 

The fact that Elliot and the local schoolmaster detected no signs 
of disturbance in the overlyiitg gravel, may simply mean that by the 
time they saw the remnants of the skeleton protruding from the face, 
the bulk of any evidence of burial had already been destroyed by the 
gravel digger. In any event, the deposits could very oiaily hove been 
of such a nature that traces of disturbance duo to burliil would bttV(‘ 
been obscure. NfcKenny Hughes has shown bow easily traces of 
interment are obliterated in Pleistocene deijoslts. Even oxiH*rj<mc«I 
geologists have been kTio>vn to ntistuke settled layers of tipped grave) 
for natural strata. In 1913 Duckworth compared the deformation 
pattern of the Gulley Hill skull with that of skulls recovered from 
Saxon graves, and concluded that the skeleton of Galley Hill man 
almost certainly rqsrcsenteil a burial of comparatively recent date. 

Tito skull had been descril>ed as exhibiting the characters of a 
primitive type of modern man. 'fhe primitive feoturcs of the Galley 
Hill skull when I examined It were entirely wanting. The bones of 
the skull bad been described as tldck. I found them to be of the same 
thickness as those of the average modern male. The mandibular or 
sigmoid notch of the ramtis of the mandible was said to be almost 
a^ent. It was. But not because it had never been there, but because 
the margins forming it had been partly brokem away. Ihe last molar 
tooth wtis said to be longer than the second. I found the opposite to 
be true. In short, the skeleton revealed not a single primitive feature. 
Furthermore, there were no evidences of fossllJaition, What had de¬ 
ceived most of those who had inspected the bones was the fact that 
they had been treated with a gelatin which had given them a purplish 
hue, thus endowing the bones with an appearanco of great antiquity. 
But beneath this the internal structure of the bones is quite like that 
of relatively recent bones. 

* pH symbol for hydrogcni loii concvnlrution. A pK uf 7 Indicjlw eqiiililmuiu 
or iKutraUty; when the ftyiin' )•; nlwvu 7 nlknluaii'f lx prv.sc'iit, wheti Muw 7 ucklo'iiN 
is preseul. 




Figure 135. The Galley HilJ sketetoii, 2. ocdusaJ view of teeth, 3, vertical 
view of skull. 4, frontal view of shill, 6, left fenwr frontal view, 7, left femur 
medial view. (Prvin Newton. Courtesy, the Geotogitnl Sodety of Londrm.) 
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Fi^re 13d. The Culley Hill skeloloi). 1, skull uad in.*i)i(jible» 2, ocelpiUkl 
view of skuD, 3, right Hbla. (From Newtou. CoiHtwy, CefJoRic.il 

ol London.) 
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The great revival i>f interest in the GaOey Hill skeleton in recent 
years was due to tbe discovery by hir. A. T. Marston of tlte parietal 
and occipital bones of a woman in tbe Barofield pit at Swaoscombe 
in 193S36. There was do doubt that these fossils were of Early 
Paleolithic age. When it was shown that these two bones exhibited 
no features (except tluckness) which cUstiaguished them from those 
of modem man, interest in the Galley Hill skeleton received a new 
fillip. At any rate there appeared to be less reason for doubting the 
antiquity of the latter merely on tbe score of its modem morphology. 
Familiar only with the published evidence, many authors, the writer 
among them, accepted the Galley HiU skeleton as of Early Paleolithic 
age. Clearly, the question of Galley Hill mao s antiquity had become 
a matter of opicion, if not of actual wishful thinking. What was 
needed was some sort of delicate test by means of which the relative 
age of the bones could be accurately determined. Such a test was 
first devised by Middleton, an English geological chemist, and pub¬ 
lished in lfi44. It was developed by a Freasch geologist, Carnot, in 
16d3, And In ISOS it was appbed by Thomas Wilson of Washington, 
D.C., to the onalysis of the Natchez peMj (q.v.). The test has 
recently been revived by Dr. Kenneth Oakley of the British Museum. 
This test is in the form of a compantive analysis of the fluorine con* 
tent of bone. 

It is known that the fluorine content of bones relative to the soil 
in which they are contained increases with geobgical age. This Is 
due to the fact that the main inorganic salt from which bone is 
formed, namely, hydroxyapatite {Ca^,0,)Ca(0H)^ a form of cal* 
cium phosphate, acts as a trap for fluorine ions, which are usually 
present in small numbers in most ground waters. The hydroxy¬ 
apatite crystal units become converted one by one into fluorapatlte 
GaF 3 [Ca 3 (P 04 ) 2 }a. Fluorapatite is a stable mineral which Is resistant 
to weathering. Fluorine as not easily leached after it has been fixed 
in bone. Hence the fluorine content will increase with the passage of 
time. Owing to tbe porous character of bone, the fluorine tends to be 
distributed uniformly throughout the bone. 

By spectrographlc and plicate microdienucal analysis it is pos¬ 
sible to determine the amount of fluorine imeot in any bone. Such 
an absolute datum taken by its^ can give us no idea of the age of 
bone. It is only when bones taken from different geological strata 
and from the same locality are compared with one another that an 
estimate of relative age can be arrived at on the basis of their fluorine 
content Bones taken from different localities cannot be compared 
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above and bf*)o\v duwc* frnm \v)iicli die Ixjnts buvo comi* in 
owing lo the greivt variation In the flnorinc content of soils in different 
areas. Tlie btflies must be taken from tl^e same locality iind from 
which we are chiefly interested. Bones from the older levels will have 
a higher absolute fluorine content than tliose at more recent levels. 
Bones from the same level as those in which wc are chiefly interested 
should have a similar fluorine content, Applying such comparative 
chemical tests to Iwnes of known geological age from the Galley Hill* 
Swanscomlje locality, and comparing the results with the fluorine 
content of five different Iwnes of the Galley Hill skeleton, the follow- 
fng percentages were obtained: 

From these figures It will be seen that the highest fluorine con¬ 
tent of the Galley Hill Ixmes amounts to but ouc-fiflh of tlie per- 
cenhige found in Middle Pleistocene hmvi, aiul is only one to tl^ree* 


TABU VI 
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Plpire 137. The Biuy St Eiimunds skuU fngment. Showing poA of the 
fraithk] and pMieta] boned. 


(enthd per cent higher than lo recent bones. It is deer, then that the 
Cnlley HiU skeleton is much more recent than Middle Pleistocene, 
and as is shown by comperison with bones from the Upper Pleisto* 
cene, is even more recent than tbit age. 

It is safe to say that the Galley HiU skeleton represents the remains 
of a body which was buried in post-glacial times, and is not more than 
a few thousand years old. 

Sttry St. Edmunds. The cranial fragment found at Bury St. Ed¬ 
munds In 1S32, and at ooe time thought to be of Middle Pleistocene 
age. has been shown by Oakley to possess an eictremely low fluorine 
content, namely 0.3 per cent, whereas none of tlie bones from a wide 
range of the Quaternary deposits in ndghboriog districts showed 
less than 0.6 per ceot, while none of the spediseos from brickearth 
comparable in age with that of Bury St. Edmunds contained less than 
1.6 per cent, a group of facts which renden the high antiquity of the 
Bury St. Edmunds fragment extremely doubtful. 

The Wellbrook SkulL la 1943, during excavatioo in London for 
the foundations of the new Western Union House, an almost com¬ 
plete frontal bone was found by a worbnao about 1,000 yards from 
the site of the London SkuD. Unfortunately, the geological position 
of the find remains ambiguous, owing to the conditions under which 
ic was retrieved. The evidence, however, strongly suggests that the 
bone was derived horn the red gravel of the Upper Floodplain Ter¬ 
race of the Pleistocene, and was redeposited lo alluvia] mud. Its state 
of fossilization, the traces of earth which adhere to the bone, the 
statements of the workman who found it and of the electhdan who 
witnessed the find, all indicate that it belongs to the same geological 
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horizon as the London Skull. Tlic evidence favors un Upper Pleisto* 
cene age. 

With the exception of a small triangular piece on the right side 
and nearly the whole of the glabellar region and purs nasalis, the 
whole of the frontal bone Is preserved (broken in two pieces which 
fit perfectly). Tlie bone is extremely tliick, but in every other respect 
is in no way distinguishable from that of contemporary man. The 
superciliary arches and the supraorbital margins sliow nu excessive 
devebpment. The 8lope> fullness, and ‘bossing* of the forehead, are 
precisely ns in contejnporary man, and there fs no biluteral narrowing. 

The importance of this skull fragment, altogether apart from its 
age, is cuusidernble. At the coronal margin the thlckoess of the bone 
is slightly greater than that of the Swunscombe parietal at its coronal 
margin. One of tlve writers of the report on the Swanscombe skull, 
Dr. G. M. Morunt, considered that the abnormally thick parietal and 
occipital bones “suggest forcibly not only that the missing frontal bone 
was abnormally thick, but also that it probably possessed a more 



Figure 13£. The Wallbrook frontal bone. (Courtesy, British Museun) 

[Natural History].) 
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Figure 139. The WeJIbroofc Fronlol booe. (Courtesy, British Mtiseum 

(Natunl History).) 

m&^ve supraurbiUl region than any modem spcdmen," The Wall* 
brook frontal bone with its thicker coronal border, and supraorbital 
region which in no way differs from that of modem man, serves to 
show not only how far wrong one can go in such speculations, btii 
also to underscore the danger of drawing inferences as to the form 
of the frontal region and face from the thickness of vault bones. The 
Wallbrook frontal bone is thiclrer than the Swanscombe parietal, and 
it is of modem type. In short, the WaUbrtx>k frontal serves to remove 
yet another objection to the possibility that Swanscombe man pos¬ 
sessed a forehead and face like that of contemporary man. We need 
hut one thing to be quite certain—the actual bones themselves! 

77ie Ford^chetede Skulls. In August 1947 in tlw cave of Font^- 
chevade, near the village of Montbrun, Department of Charente, 
France, Mademoiselle Germaine Henii*Martin discovered a human 
calvaritun. This was found beneath the hard stalagmitic Boor in the 
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rod sandy clay. Associated wore crude flint imploincutx c'onsrisfjng 
mainly of large flakes. These have been assigned to an industiy transi¬ 
tional between Mousferian nnd an earlier period, idcnticaJ with that 
found by Abb6 Breuil in the lo>vest fircl)CT)loglciiI horizon at La 
Micoque, and known as Tayocian. The horizon of the deposit in which 
the Pont^bevade skull was found is third iutorgladal. Tlie associnted 
remains of Merck's rhinoceros and a warmth-loving Nfcditerranean 
turtle (Testudo uroeca) help to date the age of the skull. It is abotit 
100,000 years old. It Is thus one of the oldest representatives of fossil 
man evi*i found in France. It is of interest that it should have come 
from the very center of tire ivgion which has yielded so many remains 
of Neanderthal man. 

Virtually a complete skull-cap wax retsrvered, as shown in Figure 
143. Actually the hiisc of the skull is missing ta are the sujrrnnrbital 
portions of lire frontal hone. Tiro bones are quite thick, varying from 
7 to 9 mm. As is tlic case in most Paleolithic crania the skull Is long¬ 
headed. Tire (Tanial index actually nrake.s the skull mesociarrial, for 
VaJlois has calculated it at 78.9. It is of interest to note that the ctarIuI 



Figure 140. The Wnllbrook froatnl bone and the Swuuscombe parietal Naie 
approxlmutccl nt tire the regiwr <jf llw C'wmiiil suture, l^t lateral view . 
(Courtesy, Britixli Museum (Nalund Histnrj') ) 


246 


ipmoDucnoN to physical anthropology 



F{gur« 141. The WaUbroolc frtMiti] bofi6 and tbe Swanacomba parietal bona 
approximated at (be region ot tbe corofMl future. Vertkal view, (Gourtof)*, 
British Muaeum [Natural History].) 

index is 78.2 in Swanscombe. The cranial capacity of Font4d)Cvade has 
been calculated by Vallois to be 1,470 ec. Fortunately Mile. Henri* 
Martin had somewhat earlier, in the same fossil-bearing layer of the 
cave, discovered a fragment of bone [ Fontkhevade f) which is pro* 
sumed to have belonged to another individual. This represents the 
frontal glabellar region fust over the root of tbe nose and including a 
portion of the left orbit exhibiting a supraorbital margin which is as 
sharp and delicately made as in the most gractle of modem crania. Id 
fact, tbe gracility of this bone is su^ that there can be no doubt that 
it formed part of a skull whose bones were no thidxr than those of 
modem man. Font^cbevade 1 was adult and probably female. 

The form of the brain-box of Font^chevade II and of the supra* 
orbital region of Footdebevade I renders it clear beyond any possible 
shadow of doubt that we are here dealing with a type of man scarcely 
distinguishable from modem man. And >*et this type of man clearly 
antedated Neanderthal man both culturally and temporally in a re¬ 
gion hum which a ma|ority of Neanderthal remains have been re- 
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Figure U2. A clironologicul table of Mine boininoUls. 


l. 

Frocone;il. 

7. 

Steinhciin Man. 

2. 

AustralopUhecus. 

8. 

Skhul V (M(. Oirmel) Man. 

3. 

Paranfhrojum. 

U. 

Florlsbad Mnn. 

4. 

Plth^uthrojMS m><iiokertetuiij/, 

10. 

Neanderthal Man, 

5. 

Fithscanthropus (Sinanthropus jyckln- 

11. 

Cn>'MRgnon Men. 


enals). 

12. 

Keilor Man. 

e. 

Sxvanscombe Man. 

13. 

Galley Kill Man. 


(From Oakley, Courtesy, Manchester Literary and Philosophical Society,) 
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Figurt 148. The FoAt4cb«v«d4 skull II. {From VeOoIs.) Left Utenl view. 

(Courtefy. An. J. Fhy$. Anthrop.) 

covered. It is very likely that Font^chevade types iotermtxed with the 
foreruoners oi NeanderthA] man In Europe. 

The great importance of the Font4d»evude skulls lies in tho fact 
that for the first time in the history of tlte suh|ect we now liave indi^ 
putable proof of the antiquity of the soiled, or rather mls-called» 
neanthropic type of man. 

In Font4cbevade man then, we see yet anotlter type with whom 
the forerunners of Ncunderthal man may have intermixed, and some 
more definite evidence for this we see in the physical characters of a 
possible Ancestor of Neanderthal man such as Heidelberg msxi, and 
even in such a type as Ehringsdorf. 

The Vetemico SkufZs. In 1956 Males briefly reported the discov' 
ery of a rich paleolithic site in the Vetemica cave near the village of 
Gomji Stenjevcc. about 9 kilometcn west of Zagreb in Jugoslavia. 
In the fourth stratum of (he cave Maks found three well preserved 
human crania of young mdMdaals which were of sapiens type. A 
poorly preserved human ferruir was also discovered. Associated with 
these remains were quartz artifacis. suggesting a Mousterian-Aurig* 
nadan boundary industry. Id the stratum below this, associated with 
Mousterian artifacts, the skull of an older sapiens individual was 
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discovered This stratum ujiiioun to l<j tlu» xocoiHi half of 

like RissAViirm intcrglunaJ. 

In still km’cr strata a rich stone uod lx>ne mditstrv of Moustcntin 
type was uncovered. 

Tlie unportance of (his find lies id the fact (hat (lie Veteniica cas’e 
lies in the same valley as Krapina, about 37 kilometers distant wliore, 
in ]899'ldC6, Gorjanovi^lCrarnberger discoiered (lie remains of be¬ 
tween 23 and 2fi badly brokco Neanderthal skulls. Skeilj has Kcenlly 
drawn attention to the fact that cme wU praaerved skull cap of a 
child, from the Krapiua assembly, sboivs very marked sapiens traits, 
and feiv if any neamlertiuiloki ones. Indeed, tlic skull exhibits a 
complete metopic suture, a cMHliHon not found in any other knuwn 
Neundrrtlkal skull (tliough It occurs in at least mk* Sinunthroisus 
skull), and as was pointed out by HrdliCka, (lie sutures arc distincllv 
tnore serrated than they are in Neanderthal crania, and there arc 
fronttil lateral eminences, and there is a sliallow det>ression posterior 
uud parallel to tlte cormol suture, as in modem Caucasoid crania. 

Allowing for the fact that it Is difficult to predict the final fonn of 
the skull from (lie juvenile form, and making ullo^vance also for tlte 
fact that the Neartdcrthal juvenile skull was very much more sapient- 
like than (he Neanderthal adult skull, as wc knoss* from the skull of 
the eigikt ycni old La Quma child, and tike cight‘to*nine year old 
Teshik'Tush (Uzbekistan) child, and the six }‘cur old Cibraitur boy. 



Figure 144. The frooto-ikosoorbibi fragioent of Foolwhevade 1. Tike urroks' 
passes through the middle of (he gUbeOe aod the luuul pnvess of tbc fruulul 
bone. Anterior view. Natural dze. (Coiutesy. Prof. Meitri V’uDots.) 
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Figure 145. The contour nf the Font4d>evede Jl fragmont provided iipoi) 
the complete frontal booe of a modem CeucMOid. Anterior view. Two^thlrda 
iMhiml sizt. (Courteey, Prof. Henri Vallols.) 


there 1 $ a reel question relied by (he Krapioe child's skull. This ques¬ 
tion was already raised by Weldenreich in 1945 when be pointed out 
the marked sapiens'like traits of the Tesblk-Tash child's skull, namely, 
may we not actually have evidence in sudi skulls, as Weldeoreich put 
it. of "the transformation of Neanderthallan into modem man.” In¬ 
deed. the pTObabilJties are high that bybridiaation between nean- 
thropic and neandertbalold populations, and premeanderthaloid 
populations, occurred more than once and In more than one place, 
in Western and Central Asia, and as the Vetemica evidence (when 
it is fully published) will show us, in Central Europe and probably 
elsewhere. 

The New Conception of Mon'e Eooiution. It has already been 
pointed out that in earber days when but a few fossil remains were 
available, the extreme differences between such a form as Ptshecon- 
thropvs and another such as modem man, led students to think of 
these types as representing different gm^era. They were therefore so 
distioguished from one another by being given generic names. Today, 
however, when so many fntermediate fo r ms have become available, 
the apparently extreme character of the first discovered types has cod- 
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Figure 146. The pbylofterv^K xeUtwnships uf Ihe pniiut<*$ in 
IkiclxgnHiiid. The fipiree n4fr to Ihe duration c4 eat'h epoih, IL = LusN’er, 
A[s;Mktdle. V ^ Vp^r). 
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sidenibly climinulKtl. iuid it h now scon tlut tlH*y arc dt closely 
related, m many instances in much the same way us the diSereDt 
varieties of man are today related. Weidenrekh holds that Pllhecan- 
ihroptia, for example, docs not differ from SijKrn^ro/)us any more than 
does an Ai^stralian aboriginal from an Arab. However this may be> 
OUT problem continues to be the discovery of the exact nature of these 
relationships, n problem necessarily for the future, udren more muterial 
relating both to the morphological and cultural evolution of man has 
become available. 

Meanwhile we see that earlier notions of a linear evolution of 
man. notions which held that man progressively advanced in a straight 
line from an ape>like stage toward the stage of neanthropic or the 
modem type of man. were too simplified, Tlte modem type of man 
appears to have been differentiated as a distinct type as early as the 
middle Pleistocene, more than 300,000 years ago, while a distinctly 
different type like Neanderthal man. which inorplmlogicaUy possessed 
many more primitive characters, appeared considerably later, Bo it 
noted however, that in spite of the fact that Neanderthal man was the 
possessor of morpbologlcsilly move primitive physical characters than 
enrly neanthropic man, be was culturally more advanced than the 
latter, as is evidenced by tlie artifacts he manufactxired and the funer* 
ary rites which he practiced. Tlus is an important point because in 
itself it suggests a later advent in time for Neaodertlul man. Even 
more important is the fact that in one very significant morphological 
feature Neanderthal man outdistanced neantlvopic man. namely, in 
size of the britin. The average brain sire of Neanderthal man (as 
measured by cranial capacity) exceeded neanthropic man with 
1.S53 c.c. as against say the 1,325 to 1,457 c.c., of such a type os 
Swonsoombe or Font^chevade with a cranial capacity o£ 1,470 c.c. 
While we know nothing of the range of variation in braio size of these 
two latter types, nor onytlilng of the possible differences in body bulk 
which may have had some relation to the difference in brain size, it 
appears higldy improbahle that the average cranial capacity of early 
neanthropic man ever exceeded 1,553 c.c.^he average cranial capa* 
city of Neanderthal moles. The interesting fact is that man appears to 
have attained a large brain size quite early in his career. 

It was formerly thought that m die large pulp cavities of the molar 
teeth, a condition known as “taurodmitism,* Neanderthal man exhibited 
a unique specialization whicdi excluded bun from the ancestry of 
modern man. It is, however, now fcnovm that fax from being a speciali* 
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2 &tion peculiar to Neanderthal man, the condiboo typically occurs in 
the orang-utan and chimpanzee, and is by do means rare among vari* 
oiis hiimao groups such as the Eskimo and Bushman. Furthermore, 
taurodoatism is sometimes seen in the molars of whites, thus suggesting 
the possibility of persisting strains of Neanderthaloid ancestry or possi¬ 
bly a tendency toward tlie appearance of a similar variation in modern 
man. 

The later neanthropic types, who were identical in almost every 
respect with Europeans of today, namely, the men of ^edmost of the 
Late Aurigntcian had, it Nvill be recalled, a craoiAl capacity of l,5d0 
c.c. Modem Europeans have to manage oo a cranial capacity of 
1,400 c.e. more or leas. 

It appears tliut NearMlerthul man was more advanced in 6ir.e of 
brain than both the early neanthropic hominids and their modem 
descendants. 

Tlie difference in the sizt of the brain between Middle Pleisto¬ 
cene man and modem man has led some students tr> conclude that 
the decrease in the size of the hrafo is to be regarded as a speciali¬ 
zation. an evoluHenary step in which size of l>rain is now subor¬ 
dinated to the greater dcvelcppmestt or increase in the complexity 
of its cellular structure and organization. It is, however, quite pos¬ 
sible that the present size of contemporary man's brain represents 
the perslstlog size of the early neanthropic or Swanscombe type of 
brain pliu the addition which has accrued from mixture with various 
other types of man with much larger brains. Although the cranial 
capacity in Europeans, for example, may vary from 1,000 to 2.000 c. 0 . 
the degree of individunl diversity, as measured by the coefficient of 
variation, is rather low, namely, about 6.0. This bidicates a relatively 
high degree of stabilization in brain size. It is quite possible that the 
evolution of the brain in man is now solely re stikt e d to specialization 
in internal structure; biit it Is well to bear in mind the possibility that 
the enlargement of the brain may continue to be achie^ much as it 
has been in the p<^t, thitnigh increase in surface area by the multiplico* 
tion and deepening of its convolutions, rather than by Uncai or volu¬ 
metric locreases in size. 

It may be that Neanderthal man, with his larger brain, possessed 
greater potentialities for development than we do. but this is greatly 
to be dotibted, since brain size, within the limits here being con¬ 
sidered, bears no relation to mental capacity. 

With respect to the human brain it is now reasonably clear Chat 
within the limits of the nonnal, whidi ranges from a cranial capacity 
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of 750 c.c. (about 1,000 c.c. in (be caae of (he great French novelist 
and wit. Anatole France) to a limit of upwards of ^000 c.c. in modem 
man, with an avenge of 1,400 neither cranial capacity, size, form, 
nor number of cnnvolutsons, has anything whatever to do with in* 
telllgencG or functional capacity. Not even the number of cells con* 
tained in the cortex or in the subcortical regions is significaat, but 
what is significant is the number of connections which exist between 
such cells. In the latter re s pect it may well be doubted whether 
there has been any significant change in the human brain for a long 
time. 

Instead of a linear evolution of human types we sec, on the other 
hand, a great diversity of t>’pes being produced, and these In lum. 
most probably by mixture with one another, producing still other 
types. 

The principal agency at work in the evolution of man. as in all 
other living forms, has been mutation and the action of selection 
upon that mutatioD. Isolatim), whether produced by geographic or 
other barriers, has undoubtedly played an important part Jn the 
evolution men. After natural selection has done its work hybridize* 
tion must be considered a principal agency In the production or 
development of new types out of the original materials provided by 
mutation. We shall consider these ageocles in some detail in the 
next chapter. 

The new types produced by hybridizatloa would form a group 
distinct from ^eir parental types io precisely the same way as the 
American Negroes form a group more or less distinguishable from 
their African progenitors on the one hand and their white progenitors 
on the other. The parental groups would live on as contemporaries of 
their hybrid offspriug, and might even survive them, even^to use a 
lame analogy—as grandparents sonetiincs survive tlielr grandchildren. 
Hence, the possibilities oi mixtures of different types with the ever 
increasing production of new ones grows Increasingly larger. 

The widespread distribution of Neanderthal types in the Old 
World suggests the possibility of migrations of some early human 
groups over extended land surfaces. This, however, is speculative, 
for we know practically nothing concerning the movements of early 
populations, and ia any event in order to accoiint for tbe wide distri¬ 
bution of Neanderthal types the notiuQ of migratioo from a single 
center Is not necessary. Ute (eobabdities are that dicre were many 
"centers.” 

Much valuable light, we have already sees, has been thrown on 
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the evoludoo of mao hy recent discovene$ id Africa. Anotlier group 
of finds of fossil man In that cootiaent may be referred to here. 

A type which xidHI recently was by some authorities believed to 
be the earliest representative of neanthropic man yet found, was dis* 
covered by L. S. B. Leakey in 1932. This find is represented by a 
fragment of the mandible consisting of the frmt portion together 
with the two ri^t prermlars. Ibe discovery was made at West 
Kanam, on the southern shores of the Kavirondo Gulf of Victoria 
Nyanaa, in Kenya, East Africa. The deposit from which the mandible 
was recovered was claimed to be of Lower Pleistocene age. A recent 
uranium analysis of the content of the )aw and Lower Pleistocene 
fossils from the Kanam site throws considerable doubt upon this 
claim to antiquity for the Kanam mandible. Lower Pleistocene fossils 
from the Kimam site yielded a measure of radkmedvity equivalent to 
over 60 c.p.m. U>,0,. whereas the radioactivity of the Kanam mandible 
was equivalent to only 10 c.pjn. Since bone takes up uranium 
from deposits In which urmuini'bcaring water circulates (see pp. 236* 
287 for an account of this) the uranium content of bones from sucli 
deposits exhibits a higlier rate of radioactivity in those of greater age, 
while bones of leaser age exhibit a lower rate. The Indications are, 
therefore, that the Kanam mandible belongs to an appreciably later 
time than the Lower Pleistocene. 

The Kanam mandible has been described as If it possessed a well* 
developed chin. It may well have been so endowed, but tlie fact is 
that it Is Impossible to determine whether it possessed a chin or not 
since the chin region is pathologically obliterated by a sarcomatous 
overgrowth which renders identification of normal tissue beyond pos* 
sibility. However, the form of the alveolar portion of the |aw, which 
Is undisturbed, and the presence of incisor fossae, which generally 
occur only in mandibles possessing chins, suggest that a chin once 
was present. 

Leakey has also described the fragmentary skeletal remains of 
three individuals of roodem Negroid type from what is thought to be 
a Middle or Late Pleistocene deposit at Kanfera. in Kenya, associoteil 
with artifacts of Acbeulian Industry. The discovery is somewhat 
better rubstantinted (ban that at West Kanam. Uranium tests cor¬ 
roborate the contemporaneity of tbe Kanjera skulls with the associated 
extinct fauna. But It is still on open question whether these deposits 
may not be of Upper Pleistocene age. The suggestion remains that 
types of Homo sapiens, by tbe begmning of the Upper Pleistocene, 
had already early differentiated into distinct ethnic groups and mi* 
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Figure 145. Artifacts cf foastl man in Afric*. a, Oldowon pebble'tool (qisartt' 
ose rock), iCaium beds, Kei)'a. By courtesy ui Coryndem Mitseiirr> Nairobi. 
h. LevallouUn doke (Uvn) associated witb "Africaiithnipus," Lake Eya^si, 
Taogariyila. c, LevaHotsiBD flik^tool (lava) from beds Mitb ProbvBushmnn 
skul!, Singfi, Sudan. (From Oakley, k/on rlie Tool-iiakcr. Courtesy. Briti^b 
Museum [Natural History].) 
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Figure 149. The Keniim Mandible. (Ui^er left), anterior view. (Upper 
ri^t). Tight lateral view giving false appeajaiKe of chin. (Lower I^t}, 
occlusal view, (Lower right), basikr view showing part of the tumorous 
overgrowth, (Couiteay. British Museum [Natural HistoryJ.) 

grated over great distaocee. even before Nearsderthal man had done 
so. 

Leakey has in addition described five crania from Gamble s Cave 
in Upper Kenya, which were found associated with an AurignacUn 
industry, and similar crania discovered m Ebnenteita. in Kenya, asso¬ 
ciated with a Mesolithic type of industry. 

In 1958. Leakey announced the discovery of two homlnid teeth 
in association with Cheltean artifacts at Oldiivas Gorge. Tanganyika 
Territory. Among the Oldowan type tools, stone balls, hand axes, 
choppers and flakes, were found tvro lumps of red ochre which were 
clearly brought to the site by man. The remains of numerous extinct 
mammals were found on the site including a number of fossil mon¬ 
keys. The teeth consisted of a lower left second deciduous molar, and 
a lower left deciduor^ canine. The molar is very large, having a length 
15 mm. and a width of 14 mm. Tlw canine has a length of 7 mm, and 
a width of 6.1 mm. Leakey believes d»t die teeth belonged to a 
true hominid, not of austialopitbeeue type, and probably a man. 


THt OIUCIN' AXU EVOLCi-noX OK MAN i9J 

Widi tUe <liscovefy (»f ZinfaiUhrojtm bohei diens cnn be little 
{loiibt of the great antiquity of man in Africa. IiHleed. in view of 
the existence of cteurly denutreated Nfiddle Pleistocene cultures in 
Uganda and Kenya tenitones, there can no longer be the least ques¬ 
tion as to the enstence of cnan in Abica at a very early period. 

In South Abica an uoportaot series of finds of fossil human types 
throws some light on the process d radatino in that country. The 
fragmentary skeletal remains found in 1914 near Boskop in the Trans¬ 
vaal are of particular interest. These are of a neanthropic type of 
indeterminate geological age. but almost certainly from the Middle 
Stone Age of South Africa appnnimaiely equivalent to the Lust Inter¬ 
glacial himisteriaD of Europe. The skull Is remarkable for a cranial 
capacity of about 1.700 c.c.. small nipple-shaped mastoid processes, 
a rather straight-faced profile as in most Eumpeons. a long liead. tho 
breadth being 75 per cent of the length, with a great thickness of the 
parietal bones at their centers of 13 to 14 mm,, probably due to nu¬ 
tritional disturbances in early youth. Stature Is cstimat<‘d at five foet 
six Inches. 

Other representatives of the Boskop type which liavc since been 
discovered are the Zitsdkama woman (1^1} with a cranial capacity 
of about 1.750 c.c.. the remarkably pedomorphic Fish Hock (1925) 
skeletal remains with a cranial capacity of 1,000 c.c., the Matjes River 
(1929-34) skeletons with cranial capacities varying from 1,400 ac. to 
1,664 C.C.. the $prioghok Flab slceletoo (1929) with a cranial capacity 
of 1.500 C.C.. the Cape Flab (1929} skull with a aanial capacity of 
1.230 C.C.. and the PleRenberg Bay skeMoo (1931-32). 

The Cape Flats skull, found oo the Cape Peninsula some 15 miles 
south of Cape Town is remarkably australoid in ib supraorbital ridges 
and other cranial markings. Drennan, ib discoverer, considers it to be 
a refined advanced version of Saldanha man. It was assodated with 
poleoliths of SbTlhay and Wilton cndiistry. 

Another extremely interesting type of fossil man found in Smith 
Africa is represented by the Florishad skull (1932). Associated with 
the cranial remains were artifacts of Mousterian-Levalloisian afliiutics, 
and the remains of ezdnet fauna whicdi endow this ri:ull with, at the 
least, a Middle Pleistocene age. It thus antedates the Boskop type. 
The restored skuQ (Figure 150) exhibits a rather fiattish neander- 
thaloid frontal region with maikedK' forward aiul laterally project¬ 
ing supraorbital toruses. \Mu1e hnuder than in Neanderthal man 
tlie torus is not continuous as in the latter but is interrupted over tlie 
nasal region. The narrow nasal bones are slightly elevated at the 
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Figure ISO. Hm Fforisbud ekult. RJgb( view reverwd. (From u cvirt 

and photographs.) 


intemual suture, and the root of the aose is deeply recessed under 
the overhimgicg supranasal regioo. The face is somewhat pro^athic. 
Tile single much worn tooth recovered, a very long-rooted upper 
third molar with fused roots, is not in any way reanarkable. 

The Ftorisbed skull been some strdong resemblances to the 
Rhodesian and Neanderthal types, and ft has been suggested that 
Florisbod man represents a type transitiooal between these palan- 
tliropic types and oeanthropic man, Florishad mao is conceived 
to be ancestral to the Boskopoid type, a type whidi is thought to have 
ranged hmm the Cape to Kenya, and from the Indian coast across 
Central Africa, and which has its modem representatives in the Bu$h- 
man*Hottentots. The latter are, m feet, simply small Boskopoids. 
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Gallowjiy m IIk* Aiiitrukwd FlorisliaiI*B<tfkiip types tlomt n‘- 
sembluDees to thr Wadftk, Keilor. and modem AuKtr^lian tx'pos. 

The Urg«^ bruin case and dnall fucr of (lie Boskopoid type tins 
caused Dreonim to su^tgest that this phenomenon is due to 
Hon (pedomorphosis or neoteny), that is to say. the process wherebv 
the young features of the ancestor are retafoed in the adult stage of 
the descendant. He has further suggested that this process nfbrds & 
possible explanation of the mechanism svherebv pulanthropic svus 
transformed into Manthropie mao. la line with this reasoning Buxton 
and De Beer had earlier pointed out that neanthropic man could be 
regarded as descended by fetalizatkw < ocoteny) from a juvenile stage 
of die neanderthalok) type. 

Fetaliautlon implies a relative retnnUtiun in tlie rate of Ixxly de< 
velopment as compared with the rate of reproductive develupmcnt, 
so that the body does not pass through as many developmental stages 
in the descendant os it did in that of the ancestor. Bolk and Dc Beer 
have cited such features as the relatively great size and weight of the 
l)riiin» the anterior position of (he foramen muguum. braehycophaly, 
the character of the cranial Bexurc. the retarded clostve of the cranial 
sutures, the absence of brow ridges, the retarded development of the 
dentition, the fiatness of the face, hairlcssness of the body, light color 
of the skin, and a number of other features, as evidemce of fetalizatioo 
in man. That fetalization is a genuine pbcaomenoo tJiere can be little 
doubt. As a factor in the evoluHoa and differentiation of man it is 
discussed ut some length in the next chapter. 

Between 1940 and 1^ a Middle Stooe Age skull was found in 
die IngwQvuma district in the Border Cave in die Lebombo Moun¬ 
tains. South Africa, togedicr with some other human skeletal frag¬ 
ments, and those of an infant of about three months. Hw Ingwavuma 
skull consists of the partial CTaoium of an adult of about 90 yean, of 
maximum length 195>S00 mm., mazhnuni breadth 140-142 mm., and 
auricular-bregmatic height 115 mm. Cranial thickness varies from 5 
to 9 mm. Estimated cranial capacity is 1.450 cc. A weak supraorbital 
torus is present, together with radm massive su|>erciliary eminences. 
Associated were found artifacts of PictcTshurg industry, an industry 
occurring abundantly in tbe central area of the Tronsvaab there were 
some of Levallois technique, and also some StiUbay lonccbcads. Tbc 
skull compares with tbe Springbok Flats, wliich is the only other sladi 
friund associated with artifacts of Pietersburg cultiin*. and with Fish 
Hoek which belongs to the closely related Stillhay culture. Morphu- 
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Figure 151. The Ingwovuma skufl. A. PnmtAl view. B, Left kterel view. 
C, VertkoJ view. <Fran WeRs. Cpurtety. Am. J. Pkya. Aiitknp.) 


logically the Ingvvavume skyll stands between (lie FInrisbad and 
Boskop types. 

Without much doubt, then, ft may be said that these Boskopold 
types stand in the direct line of Bushman-Koltentot ancestry, and that 
among living ethnic groups the Bushman is perhaps the best provided 
with fossil ancestors reaching back to a fairly respectable antiquity. 

India, Burma, and Thaiiand have also yielded definite evidence 
of the handicrafts of eariy Pleistocene man, some of whom were 
possibly of neanthropic type, while others were of the type cm* 
braced within the pithccanthropoid group, wliich types and ttieir 
cultures or industries extended from China and Java into Burma and 
India. 
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Iiwjmplehj oviOcocc of mstfnce of Nfaudorlhaloid types in 
North Africa comes to us in the form of the left half of the maxilla and 
several teeth from a cave near Tangier. And much further east, from 
Haim Fteah on the oorthem Coastal district of Cyrenaica^ again in 
the form of a fragment of the left half of a mandible of which the 
ramus and part of the body, broken tNvay at about Phf|. and with M, 
and Mj in siYu. The redlocaibon date for the Haua Ft^) mandible is 
34,000 ± 2800 years. The associated industry was LevalloLSian«Moiis* 
terian, and the geological evidence indicates a Wiiim 11 *111 inter- 
scadial age. 

There are also several c^her sites in North Africa which have 
yielded implements of Mousterian type, (he most typical of which is 
at Oafsa. 


Figure 152. Distribution and Suggeited Retatiociships of the Cultun! Tradi* 
tioQS of Barly Man. fteprodueed from 1C. F. Oakley, Men the rop2*Mcker, 
by permission of (he Trustees of the Britisfa Museum (Natural History), 
London. 

Broken lines have been drawn wherever the connections or tiine*renges are 
mainly speculative. 

An encircled letter plotted in relatlort to (he name of a culture shows that 
foasil recnajns of a bearer of the tradition lave been found in deposits 
of the age and location indicated, Tbus fai (be European Aclaulian L^J 
indicates the skull found in deposits dating from the end of the second inter* 
glacial, at Swanscoobe, Kent. 

The following Is a key to the localities of fossil man: 

A. Makapen Umewgrb (5. Africa); a. Staddontcin (South Africa); c, Tcml* 
floe (Algeria): o. KaoieTa (Keoyi): ^ Saldaaha <S. Africa); r, Florlsbad (S. 
Africa): o. Broken Kill (N. RhodcBOa) aod Eyari (Tanganyika}; H, Haua Ftaali 
(Cyranaica): i, Singn (Sudan). Boskop and Matics Rfvar (S. Africa); j, Fisk 
Hoek (5. Africa); k. Sangina (Javm): L, OMwkMdaB (near Pekla); M, Tried 
(lava): n, CaJflce; o. Tabon. ML Camd; r, Skbul Cave, Ml Canoel; q, Ngan* 
dong. Solo River (Java); a. Hohi Cave (Iran); t, Wadfak (fava); t , Hddclbcrg 
(CenuQay); u, Swaoacembe (Kent); v. Stetahebn (Cennany); w. FonUchevade 
(Fnr>ee): x, Ehciagidorf (Cemany); t, GibiiHar. z, La CbapeUe*aux-5uat9 
(Prance); a. Chltelperroa and Coabe Capdle (France); $, Cro-MagDon 
(France); 7 Prrdmoet (CSechoelovalda); 4. CStancelade (Ftaoce); • Cheddar 
and Avehoes Hole (Somenet), Whaley (Derbyshire). 

The remains frem a and a briong to AusOiiofritlieeus; those from s. l. M, 
and possibly c and t to the ftrhac an t fcr o j mr group of awn; time from y and z to 
the Neanderthal group; thoee from i, e. n, n. o, r, p. v and v are NeanderthaJoids 
showing various degrees of afinity to Hono mpifo*; remains from 0 . 9, t, j, a, 
a*i are referable to Homo M pi^nz. 
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A possible example of a population descended from a cross be¬ 
tween a Neanderthal and a neanthropic type is the North African 
Afalou type- 

Afalou mao is known from some 50 skeletons from Afalou bf»u 
Rummel. These were recovered from a rock-shelter site of Upper 
Pleistocene Bge» where they were found associated with implements 
of Oranian (Capsian) culture Implements of Oranian culture are 
closely related to those of Aiingnadan origin in Europe. Another 
series of the same type, associated with Capsian cultiue, comes from 
Mechta el 'Arbi. 

The Afaloti type closely rosembics the Encopenn physical type of 
the Middle and Late Aurignacian, that is to say, Cro-Magnon man. 
Except for the fact that the nasal aperhtre is broader, and the upper 
face and the length of the vault are slightly shorter, and the latter is 
slightly higher, in Afalou than in Cro-Magnon, the two scries are in all 
other respects remarkably similar. 

The fossilized skeleton of an Upper Pleistocene Negroid type 
found at Asselar, in the center of tlie Saliara Desert, some 400 kilo¬ 
meters northeast of Timbuktu, is of some interest because die type is 
not unlike that of the Nilotic type living in Africa today. There can 
be little reasonable doubt tliat most African types were already differ¬ 
entiated before the Upper Pleistocene. 

Bearing upon this matter of the probable early differentiation of 
human ethnic groups is the Interesting find made in the Upper Cave 
at Clioti Kbu Tien of ten human skeletons, which yielded three well 
preserved skulls. One skull is of an old male, and this presents the 
appearance of an Archaic Wliite or Ainn-Iike type. Weidenreich thinks 
of the "Old Man" as a protofypic Mongoloid; Hooton as more closely 
resembling a primitive European white. The second skull is of a 
middle-aged woman, and this looks like the skull of an Eskimo. The 
tliird skull, that of a young woman, resembles the coDtemi)oi'ary Mela¬ 
nesian type. Weidenreich comments, “The surprising fact is not tlie 
occurrence of palaeolithic types of modem roan which resemble racial 
types of today but their assemblage in one place and even io a single 
family, considering that these types are found today settled in far 
remote regions.” 

The occiirreace of these three types within the same Upper Paleo¬ 
lithic population would appear to constitute yet another evidence of 
the antiquity of ethnic mixture. It would be difficult to account for 
such marked variability witliin a small breeding population upon any 
other hypothesis. It requires, however, to be pointed out, that tins 
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variabiUly does not necessarily mean tliat Archaic White, Eskimoid, 
and Melanesoid ethnic groups, entered into the production of these 
types, but it does mean that admixture between morphologically differ¬ 
ent ethnic groups most probably occurred, at least to throw up the 
Eskimoid and Melanesoid types. The "Old Man" probably represents 
the original type of the group with which the newcomers miwd. 

The Stngc Skull. In L924, a fossilized human hraincase was found 
in the river bed at Singa in the Blue Nile Province of the Anglo-Egyp* 
dan Sudan. The fossil remains of extinct mammals were found in the 
same bed, bxit repeated quarrying had removed any possible evidence 
of artifacts- These, however, were discovered some 20 miles upstream 
at Abu Hugar in a fossiliferous limestone conglomerate wiiich is un¬ 
doubtedly contemporary with tlxc Singa strata. Tlie paleontological, 
geological, and archeological evidence indicates an Upper Pleistocene 
age for the Singa skull. Tlie tools consisted of knive.s, high core scrap¬ 
ers, pounders, but no hand axes. Lumps of red ochre were found in 
association with the tools. Lacaille considers the industry is most 
closely paralleled by the advanced Levalloisian or Proto-Stillbsy indus¬ 
try of Lochard, South Rhodesia, but that it is somewhat more advanced 
than the latter, and belongs to the Middle Stone Age of Africa (see 
Figure 148c). 

The Singa skull coiisists of an almost complete braincase, probably 
of a middle-aged male. Maximum length is 189 mm, and maximum 
breadth 155 mm., the cranial index being 82.5, which just makes it 
brachycranial. Cranial capacity is about 1,575 cc. The skull is large 
and robust and a supraorbital toms is present. In many respects the 
Singa skull resembles the Boskop and Bushman skulls, differing from 
them chiefly in (he possession of a supraorbital torus and smaller 
frontal eminences. The Singa skull resembles the Boskop skull in being 
both pedomoTphic in form and at the same time rather robust. Both 
skulls are virtually identical in dieir breadth measurements (155 and 
154 mm.) but different in those of length (189 and 2C5 mm.). Wells, 
who has described the skEill concludes that the Singa skull is related 
both to the Matjes River and the Boskop type of skull, and that all 
these skulls represent a proto-Bushman stock modified either by di¬ 
vergent descent or by hybridization. 

“Orthogenesis” and “Missing Links ” When the time comes for the 
history of paleoanthropology to be written it may be predicted that 
two ideas will be found to have been chiefly responsible for the con¬ 
fusion and misdirection of thought which, during the first half of the 
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twcaKetl) century, charHCterized tho attempt iindersfaTid the manner 
of man's evolution. 

The fint of these is the conception of orthogenetic evolution, the 
notion that the evoliition of man has been linear, that is to say, m a 
more or less straiglit line. 

The second is the idea of “the missing link" or "missing links,” 
which, so it was conceived, when recovered would join together the 
broken parts of a chain of being which would then stretch all the way 
from some earlier period to our own time. The links being completed 
in a vertical direction, from below upwards. 

Which of these two practically complementary notions has had a 
more stultifying effect upon the development of our understanding 
of man's evolution it would be difficult to say. Together their effects 
have been serious. 

The conditioning effect upon students of man’s evolution, of such 
pretty 16th century demonstrations as Marsh’s representation of the 
evolution of the horse neatly arranged in a convincing aud orderly 
succession of types from the tiny Eocene Eohippus tn the modem horse 
Bquus cannot be overestimated. The fact that such a L'near arrange¬ 
ment is to a considerable extent arbitrary and puts tlie chart before 
the horse, was, and still tends to be, overlooked- A scattergram may 
be arbitrarily abstracted into one or more straight lines, but it would 
be quite false to assume tliat the scattered dots had so airanged them* 
selves. It would also be false to assume that all the dots through 
which the upper part of the line passed were produced later than those 
in the region of the lower segmwit- 

Yet the scattering and criss*crossing of variability which occurs 
during the evolutionary process is vastly more complicated than the 
most complex of scattergrams. Evolution does not proceed in a straight 
line, "onward and upward.” Evolution is more accurately regarded 
as a labile reticulate process occurring within the varying environ¬ 
mental matrices of space-time, witli repeated mtercrossing between 
different lines, at once convergent and divergent. While very definite 
trends may be perceived In the evolution of groups, those trends 
are rarely if ever the result of the addition of variations which add up 
to straight lines. On the other hand, it is discontinuous particles and 
processes derived from numerous different sources which are in con¬ 
tinuous process of change and interchange in what at times may be 
likened to a series of e^ies, and often resembling a maelstrom, that 
renders the concept of orthogenetic evolution unacceptable. 
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In view of the acciimuloting evidences most stncienls of the evolu¬ 
tion of man are in a mood to drop the concqrt of ortliogenctic evolu¬ 
tion and the naive idea of ''missing links" and to reconsider the evidence 
on its merits without prejudging it by the measure of some predeter¬ 
mined theory, liowever hallowed by time or sanctified by autliority. 

The notion, for example, that neanthropic man represents the cul¬ 
mination, the end pmduct, of a line wliich commences with Pithe¬ 
canthropus and passes through a NeandertJial phase of development 
can now be shown to be highly questionable, at least so far as the 
Neanderthal phase is concerned. The Mount Carmel population, for 
instance, cannot be accounted for on any otlier assumption than 
that they were the products of a neanthropic-neanderthaloid admix¬ 
ture. Such traits as this population exhibited cannot have been 
produced witliout the prior existence of a neanthropic type. It is 
quite likely that the Galilee, Ehringsdorf, and Steinbeicn types also 
represent the effects of such admixture, and that they are not the 
ortliogenetic ofepring of a neanderthaloid type alone. All these forms 
of men are, in fact, prior in time to the classic Later Neanderthal 
type of man, Galilee and Ehringsdorf being of third interglacial and 
Steinheim of second interglacial date, whereas tixe Neanderthals 
proper are of fourth or last glacial age. 

From Palestine, France, Germany, and England dierc is more 
than strong presumptive evidence of the existence of a neanthropic 
type before the Later Neanderthal type was fully established. 

It is possible, even likely, that a neanthropic type is to be 
reckoned among the ancestors of Neanderthal man. This is somewhat 
of a reversal of the traditional view of the relationship, but the facts 
themselves suggest such an interpretation. It is altogether possible 
that some proto*Neandertbaloid stock or stocks received infusions 
of neanthropic genes which then participale<l in the process of that 
stock's differentiation into the various neanderthaloid phases which 
we know. Subsequently these neanderthaloid populations mixed 
again with neanthropic groups and were eventually absorbed into 
the neanthiopic populations. 

The origins of the proto-neanderthnloids are to be looked for in 
some such stock as the Pithecanthropus-Sinanthropus group, through 
a form possibly such as Solo man, with early representatives such as 
the first interglacial Mauer and possibly Africantkropus types. 

The picture which emerges from the evidence a.s we now have it, 
quite upsets the older notions of early man recently off the ape-stem 
waiting for evolution, ns it were, to shove liim by a series of graduated 
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puibes In nn upwiird direction into a more iidvanccd type. We 
perceive, rather, a complicated reticular development of human 
type5 to a very large extent brought about by iuch factors ns mutation, 
natural selection, genetic drift, isolation, and hylwidization, each of 
them processes whicli are at work upon mankind at the present time. 
Indeed, if we would understand the nature of the processes which 
>vere involved in the evolution of man in the past we can do no better 
thjin study these which are operative today in produdng the diveKi* 
fication and unification of mankind. We shall d^uss this subject fur¬ 
ther in Chapter VI. Before doing so we may conclude the present 
one with a discussion of early man in America. 

Early Man m th4 Arnericas. The evidence of archeology and the 
character of the human skeletal remains tlius far discovert indicate 
that man first arrived in the Americas about 25,000 years ago. The 
evidence available at the present time strongly suggests that the first 
Americ«ms entered North America from Siberia, passing across the 
Bering Strmts into Alaska, a distance today of some 56 miles. This 
distance was certainly much less when the first men to cross over 
into what is now Alaska navigated ft. In winter, when the ice forms, 
it is possible to walk across the Straits, and it is at any other time 
easily navigable by boat. Prior to the Eskimo, who arrived in skin 
boats, man probably reached Alaska by way of the land bridge result¬ 
ing from the lowered sea level, caused by water being locked in the 
glaciers. 

The crossing of the Bering Straits on foot in modem times has 
not only been achieved by man, but by man with bis sled and sixteen 
dogsl In February 1936 Dr. John P. Harrington, ethnologist of the 
Smitlisonian Institution at Washington, is r^rted by the New York 
Time$ (27 February 193$) as having received a letter from Captain 
Max Gottschalk of Nome in wltich he stated that in March 1913, ‘Vitb 
my sled, its load of fur and food, and sixteen dogs," he successfully 
completed the walk between North America and Asia. 

Tlje news report states that "It took Gottschalk two and a half 
days to reach Big Diomede Island, travebng at an angle over the mov¬ 
ing ice to allow for the northward current ‘After feeding and resting 
the dogs,’ he says, T struck out for Little Diomede Island, which is 
close by, and wily made it, as the ice between the two islands is 
grounded.' 

“Bill Shroeder, a while man who lived on Little Diomede, followed 
on snowshoes. He fell through a floe. Gottschalk rescued him, took 
him back twenty-five miles to Little Diomede Island, where he died. 
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Figure IS3. TacnperaCure variatioos of gladal Pleistocene and correla* 
tion with continenlal Stages, fossil homioids, and industries. The ti[ne«scde 
in this figure is preferred by many to that given in Table VII. (From Emi- 
lianl, Courtesy, Science.) 

Setbng out anew, Gottschalk reached Shishmarof six and a half days 
later, seventy*five miles up the coast from Cape Prince of Wales. ‘After 
resting myself and dogs for several days I left Shishmarof for Nome, 
225 miles away by the const Winter trail,' he adds. His parting shot 
is that he would never undertaVe the feet again because of its perils." 

The original peopling of America probably took place in a series 
of waves of immigration, riie repeating waves of immigrants sxibse' 
quendy becoming dispersed over the length and breadth of America 
to die extreme tip of South America, Tierra del Fuego, and the islands 
south of that, the Navarino Islands. These waves of immigrants prob* 
ably represented different ethnic groups mostly oi Mongoloid type. 
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whiJe a few others may have been of Ctncasoid type. This, at least, is 
what the physical characters of the lodiao population of the Americas 
suggest. 

Human skeletaJ remains, and the evidences of extinct cultures, asso* 
ciated with the remains of extinct species of aaimals, have been found 
in North and South America, and recently in Mexico. In the case of 
the skeletal material both the geological evidence and that relating to 
the association with extinct onimals has been open to some qu^tfon. 
The association of cultural aitifecb with such animals is, however, 
indisputable, and it can therefore only be a matter of time before the 
skeletal remains of early inhabitants ^ the Americas are fotiod to* 
gether with those of extinct maramab such as the great bUon, camel, 
hone, mastodon, and ground sloth. Since it is at pr es ent not exactly 
clear when these animals became extinct—it has been suggested that 
the mastodon may have become extinct leas than 1,000 years ago^it 
is necessary to proceed with great caution in assigning an age to any 
human remains found in assodation with tltem. Ground sloth and 
great bison bad, however, almost certainly died out about 10,000 years 
Ago, the camel possibly earlier. The horse originated in America, spread 
to tho Old World, became extinct io (he New World, and was later 
reintroduced into the New World by the Spaniards. It is. then, possi' 
ble to uslgn di0ereot cultural artifacts to human beings who must 
have lived contemporaneously with the animals with whose remains 
such Artifacts have been found. Taken is con/unctioc with the geo¬ 
logical data reasonably accurate detenxti&atlons ^ age may be made. 

The Notches Pelois. Perhaps tbe most interesting of skeletal re¬ 
mains found is North Asterica Is represented by a hip bone which 
was discovered at Natchez in Mississippi in (he year 1845. This bone 
was recovered from a clayey deposit in a ravine cut by a tributary in 
a high terrace of yellow loam or loess. The bone was feund under the 
loam together with tbe bones of extinct ground sloths, horse, mastodoo, 
bison, and ether extinct mammals. Orarles Lyell, the English geolo¬ 
gist, who visited the site shortly after its discovery, calculated that 
the deposit from which tbe bone was recovered was more than 100,000 
years old. Hence, he cooedved that the bone mi^t easily have been 
intruded into the deposit in whidi it was found. In view of tbe unique¬ 
ness of the find be concluded, “it is allowable to suspend our judgment 
as to the high antiqui^ of tbe fossil* 

In 1895 Thomas Wilsca of tbe Natxoal Museum of Washingtoo. 
having read Carnot's 1893 paper on the fluorine method of datijig 
fossil bones, caused a fluorine analysis to be made of portions of the 
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Figure L54- Migration routes available to primitive colonists in Late Glacial 
and Early Post>C)acln) Time. (From Sauer. Courtesy, Geographical Revieic.) 
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Figurfl 155. Map of hnts of Indian culture and pruidpal tribes in North 
America. (Prom Collier. Courtesy of lostatute of Ethnic Affairs.) 
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Natchez innommate and mylodon bones. Tliis wa5 done by a chemist 
at the U.S. Geological Survey, on duty at the National Museum. The 
results obtained led Wilson to conclude that *The human bone is in a 
higher state of fossilization than is that of the mylodon." But Wilson's 
paper was speedily forgotten, not being rediscovered until 1951. 
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Figure 156. Map of areas oI Indian culture and principal tribes in South 
America. {From Collier. Courtesy o£ Institute of Ethnic Affairs.) 


Meanwhile, in the author of the present volume, through the 
courtesy of the Philadelphia Academy of Natural Sciences, took with 
him to England some pieces of die Natchez bones which, through 
the kindness of Dr. K. P. Oakley, were submitted to the Government 
Chemist at London, whose results were then reported by Montagu 
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in 1955. TIjd fiKure.*? from the Wilson n-port of 1895 imd from tlie 
Montagu report of 1955 are as folicnvs: 


Flupriiii* I’liumlioric Arid 

Per eenl Fer eertt 


Wil«on Munttigii Wll'foit Montugti 

Nutcliw iiiunminAlc 0,38 0.88 2077 202 

Mylodon hertaiU 0.28 0.80 28.58 20.1 

These results are in fairly good agreement Varlutions between 
0.2 and 0.4 per cent for fluorine and 20 to 26 per cent for phosphoric 
acid may well be encountered in a single specimen. From the above 
results it will be seen that the Natchez innomlnato contuioed a greater 
amount of fluorine than the mybclon bone. Hence, the probabilitlefi 
are that the Natchez pelvis is older than that of the associated mylodon. 
Since die ground sloth Af(/lo<ion harhnl become extinct at least 11.000 
years ago, the Natchez luiman pelvic bone must be ns.signcti at least 
as great an antiquity, and is probably older. 

Midland Man. The only other human skeletal remains of consider* 
able antiqviity to be found in North America is represented by tlie 
And made near Midland in WesbCentral Texas in June 1953. This 
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Figure 15$. Folsom point and asscdated bison ribs iinbedded In matrix. 
Folioin. New Mexico. (Photo, Denver Museum of Natural History ) 


consists of braincase broken in many fragments with facial and basal 
portions missing, two portions of the maxilla with seven teeth in situ, 
and a third right molar, two fragmentary ribs, and three metacarpaU. 
The skull Is probably that of a female, who at the time of death was 
about thirty years of age. Projectile points, grinding stones, and a cut 
booo were found in association, 

The discovery was made in a horizon which is pre*Folsom, and 
radiocarbon dating of the carbon extracted from one of the two asso* 
dated hearths yielded a date of 20,400 ± 900. Uranium dates for 
fossil bones from the same locality vary from 15,000 to 19,000 years. 
Hence, Midland Man is older than 10,000 years and may be about 
20,000 years old. 

Since the second quarter of the nineteenth century many discov* 
erifls of stone implements in assodation with extinct mammals have 
been made in the United States, but until recent years when archeo* 
logical investigations under scientifically satisfactory conditions have 
become comparatively frequent, such earlier finds were dismissed as 
doubtful owing to the scientifically unsatisfactory conditions under 
which they were made. Some of the earlier discoveries, we now have 
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every reason to believe, were probably quite sound. There is. however, 
no need to speak of them here. In this place we may briefly refer to 
the few discoveries whicli are accepted by tlie majority of scientists as 
above suspicion. One of tho most important of these to date is the 
discovery near Folsom, New Mexico, in the summers of 1926 and 1927 
of peculiar fluted projectile points. In 1927 such a point was found 
imbedded in the matrix be^vee^ the ribs of an extinct bison (Figure 
158). These points, characterized by longitudinal chaonels or fluting 
on each face extending from the base tov'ards the point, have since 
been found at a number of dliferent sites, the most Important of these 
being the Llndenmeler site in northern Colorado; tn this latter site an 
age of between 9,000 and 10,000 years has been assigned. It is today 
generally believed that the roughly flaked points found in the Sandia 
Cave; in Lu Huertas Canyon, Now Mexico, axe not less than 25,000 
years old. The Tule Springs site at Vegas Wash in Southern Nevada, 
with its split, broken, and sometimes burned bones of the camel and 
mammoth, together with human artifacts, gives every indication of 
being yet another ancient reeting'place of early man. Radiocarbon 
dating has yielded a calculation of “more than 23,800 years." At still 
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Figure 159. Mnp of Nortli America ahowing the principal rites from which 
urehcclogic evidences of ancient cultures hove Wen recovered, (From 
Wormington. Courtesy Denver Museum of Natural History.) 
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Figure 160. Fre^lmnbiAA Indian types. Top: Brown's VaUey man, Min* 
caeoCa. Center; Sauk VaUey mao, Minnesota. Bottom: New World mao, 
Cunarron, New Memco. (Photos Ccpuilesy, Prof, A. E. Jenlcs and Prof. 

C. E, Snow.) 
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Figure ISl. Pre-Columbiar Indian types. Top: Minnesota girl from Pelican 
VaUey, Minnesota. Center; Wyocniog III, (emaJe from Tarrington. Bcltom: 
Wyoming 1. male from TarringWn. (Photos Courtesy, Prof. A- E. Jenb and 

Prof. C. E. Snow.) 
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another site, on Santa Rosa Island, some 45 miles off the coast of 
Southern California, a concentration of burned mammoth bones, sug¬ 
gesting that they may have been butchered for a ‘barbecue," asso¬ 
ciated with one chipped tool, yielded a radiocarbon date of 29,650 
±2,500 years. Thus, through liis artifacts, but not through his skeletal 
remains, we have definite knowledge of man’s existence in North 
America possibly 35,000 years ago and at least 11,000 years ago. 

Some of the better substantiated sites and the ages assigned to 
them are listed in Table VIII. 

These represent but a sampling of the sites which have been in¬ 
vestigated, there are many more. Claims which have been made for 
the antiquity of skeletal remains such as those described as Minnesota 
man, and for so-called primitive traits In these skeletal remains, cannot 
be critically supported. 

The Punin skull discovered at Punin in Ecuador in 1823 under con¬ 
ditions suggesting considerable antiquity, raises a very interesting 
question. This skull resembles no type so much as that of the Australian 
aboriginal. Sc far only one such skull hu been found. On the face of 
it It does not seem likely that this skull represents a sport or extreme 
variation not peculiar to the population from which it sprung. This 
gives rise to the remote possibility of on Australoid contribution to the 
formation of some part of the South American Indian population. 

With reference to this possibility it may be mentioned that between 
1S35 and I64D P. W. Lund, a well-known Danish explorer examined 
some 600 caves in the district of Lagda Santa in the province of Minas 
Geraes of eastern Brazil. Six of these yielded the skeletal remains of 
man. Many of the bones appeared to be highly mineralized and some 
of the skeletal remains were found in associotion with those of extinct 
animals. Lund was convinced of the high antiquity of the remains. 
The skulls are interesting. Though dominantly of American Indian type 
they besr some resemblances to the Australian aboriginal type. The 
average skull is dolichocranial (c.l., 70.5), hypsicranial (high-vaulted, 
60.2), broad-paJated, broad-cheeked, and prognathic. Viewed from 
the back (norma occipitalis) the skull is pentagoid in form, with a 
tendency to the formation of a high crest in the midline sagittaUy. 

The discovery, in 1935, in the Confins cave in the Lag6a Santa 
region of a complete skeleton, again under conditions suggesting a 
great antiquity, reopens tlie question of the antiquity of the Lagda 
Santa skeletal remains. The Confins skeleton lay in an extended posi¬ 
tion, claw marks of rodents on the surface of some of the bones indicate 
that the individual died where he lay, until he was naturally buried. 
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Tlxe undisturbed stratum in which the skeleton was found l>ore thv 
remains of extinct animals. There can be liUle doubt of tbe anriquity 
of Confins maa, but dating Is difficult owing to tlic lack of an adequate 
chronology. The skull is clearly of American Indian type, and tlie sub¬ 
nasal prognathism assists to give it a very Mongoloid appourance. Tlie 
skull is less markedly pyramidal in the vault than most of the earlier 
Lagda Santa finds, it is, however, quite clearly of Lag6n Santa type. 

On the basis of tlte fact that certain cultural traits are found lx)th 
in Oceania and South America, ;ind that it is known that Polynesian 
navigators traversed great distances in their ennoes, it has been sug* 
gested that tlie west coast of South America may have been readied 
by some boatloads of Padfle Islanders. Tlds is certainly n possibility. 
However, It would seem most unlikely that such i)osslble tranS'Pacific 
voyages could have been made early and often enough seriously to 
a^ct either the populations or the cultures of the New World. 

In February 1947 Dr. Plelinut de Terra, American geologist, 
and Dr. Hans Lundberg, Canadian geologist, using an electrical de¬ 
tecting device, made an important discovery of a human skeleton 
near the village of Tepexpan, in Mexico. At a depth of l.I2m, (tliroe 
feet and eight inches) in a clearly defined undisturbed layer of pluvial 
day they found a remarkably well preserved mesocephallc human skull 
togetlier with some 50 other portions of the skeleton. The age of the 
layer in which the skeleton lay has been estimated at between 10,000 
and 15,000 years. We have, then, in Tepexpan man among the oldest 
geologically datable human remains so far discovered in the Americas 
(Figure 162 bottom). 

The almost complete skull is that of un adult male of between 55 
and 65 years of age. Prom the remainder of the skeleton it has been 
calculated that stature reached 170 cm. (five feet seven inches). 
Cranial capacity is 1,540 c.c., and the cranial index is 79.69, that Is 
to say, mesocranic. Tepexpan man is the roundest-headed American 
Indian of early dote thus far discovered. That he represents a typical 
American Indian, though somewhat rounder-headed than most, there 
can be not the least doubt Tepexpan man shows no remarkable 
skeletal features. 

One of the best authenticated discoveries of prehistoric man in 
South America was made in 1937 by Junius Bird. This is the discovery 
in the Palli Aike Cave in Patagonia of numerous cultural artifacts 
associated with human skeletal remains as well as the bones of extinct 
ground slotli and horse. In this and in another cave some 20 miles west 
the cultural debris was found mixed with animal bones which showed 



Figure 162. Pre-CeluiDbian Indian type#. Top: AJaberoa Sub Mound CT* 
27, burial 83, male. Center: Alabama Sub Mound CT* 27, burial W, male. 
Bottom: Tepexpan mao, Valley of Mexico, male. (Photos Courtesy, Alabama 
Museum, and Prof. C. E. Soow.) 
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clear evidence of treatment by man*madc fire and pressure. The ago 
of tljese remains yielded by Ae radiocarbon method is 8,639 ± 450 
years. 

At die present time Iho evidence indicates that the migradoa of 
man into the Americas commenced toward the end of the last great 
glaciatioD at a period corresponding to the SoJutrean of the Upper 
Paleolithic of Europe. Further discoveries may show that migration 
commenced at an earlier period, but at the present lime such evidence 
is wanting, and at most the available evidence permits us to say that 
the antiquity of man in the Americas is no greater than somewhere 
between IS.OOO and 25,000 years. 

METHODS OF DATING 

Badiocarbon Dating. The radiocarbon method of dating organic 
materials was worVed out and developed by Professor W. F, Libby at 
the Institute of Nuclear Physics at the University of Chicago. It was 
originally not possible to obtain reliable dates by this method beyond 
30,000 years, but by a recent refinement of this method it is possible 
to compute the age of any organic material up to about 70,000 years. 
This new investigational tool has been particularly useful in the dating 
of American Indian remains. The method is based on tho fact that 
radioactive carbon (Carbon 14), which is liberated in the atmosphere 
AS a result of the interaction of cosmic rays with nitrogen, is present 
In all living structures. During the life of the organism an equilibrated 
and constant percentage of C** is maintained in its carbon structure. 
This percentage is believed to be the same for every form of life. With 
death the supply of carbon and to the organism abruptly ceases, 
and the atoms disintegrate. It Is believed that not only is 
the concentration of C^* the same in all living organisms, but that 
the rate of disintegration after death is also the same. Therefore, 
if the rate of disintegration of C^* can be established for a sample of 
known age, it becomes possible to check the accuracy of tills method 
of dating. This has been done with considerable success. It has been 
shown that after 5568 ± 30 years have elapsed one half of the 
atoms have disintegrated. Where formerly some six grams of carbon 
had to be extracted from spedmeos before its age could be determined, 
newer methods have reduced this to about half a gram. 

By a most ingenious method the Dutch investigators, Drs. A. Har¬ 
ing and H. de Vries, of Amsterdam and Croning^ respectively, have 
made it possible to determine the age of organic remains up to a period 
of about 70,000 years. This is done by the method of isotopic enrich* 
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ment. Tlie COj obtained from the original material is reduced to CO 
by leadiflg it over zinc at a temperature of 380" ± 5* C, The CO is 
enriched in five thermal diffusion columns connected in parallel, each 
column having a length of 430 cm, Tire enrichment Is derived from 
the abundance of O^Mn tlje CO, For the activity measurements the 
enriched CO is oxidized again by leading it over CuO. Enrichment 
by a factor of 16 takes about two months, and this enrichment shifts 
the limit of counting to upwards of 70,000 years. 

The Uranium Radiometric Dating Method. A new method for 
the relative dating of bones and teeth is by radiometric assay of the 
uranium they may contain. When bones are buried In deposits through 
wldch water containing uranium circulates, the calcium atoms in the 
hydroxyapatite are replaced by those of uranium. Tlie longer the bone 
is buried the greater the amount of uranium accumulated. The radio¬ 
activity of the adsorbed uranium, in the form of the rate of its beta 
radiations, can be measured since tho enamel of a tooth is considerably 
less absorptive than its dentine, and will therefore be considerably 
less radioactive, and since fossils from limestone foimations and clay 
accumulate less uranium than those from gravels and sands of the same 
age, the results obtained must l>e interpreted with caution, os is tlw 
case with the method of fluorine onalysis (p, 240). The odvantage of 
the uranium method over the fluorine method is that It does not in¬ 
volve the destnictlon of the material tested. 

The mrogen Dating Method. In fresh or recently buried bones 
the nitrogen content Is high, about 4 per cent With the passage of 
rime, as fluorine increases, nitrogen decreases. Hence, determination 
of the organic nitrogen content of bones will yield some idea of their 
relative age. Thus, in a recent (1958) re-determination of the fluorine 
and nitrogen contents of the bones from several famous sites Oakley 
obtained the following results: 


Mcdera honw 
Naoluhlc flcull 
Hill 

Swinscombe sinj]| 

Foffij mammal b«nm, Swenscomba gravel 


Fluorine 

Nitrogen 

Per cent 

Per cent 

0.01 

4.0 

0.3 

1.9 

0.8 
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1.7 

nil 

>1.5 

traces 

This method is still in 


V,. ucrciutuiicui, ou: may prove ot great importance in the 
future. Age of organic materials is determined by the ratio of potas- 
sium-40 to argoii-40 they contain. Potassium40, a radioactive form 
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of tbe element, is present in ull living tilings. It deenys into :irgcn-40 
at the TRte of 50 per cent every 1,25 billion years. By determining the 
amount of potassium-40 that Inis decayed into urgoD-40» the passage 
of time since the specimen had been part of a living system enn he 
determined, since potassium is incorporated into tissues only during 
life. 

A difiietiUy of the method is that mineral deposits much older than 
the specimen may have contaminated it, and thus render die age de¬ 
termination dubious. This, however, Is a difficulty which need not 
apply in many cases, and In those in which it does could, possibly, 
he overcome. 

THK CLASSIFICATION OF THE HOMINIDAE 

A brief clasriUcacion of the Hominidao is set out below. This may 
he used us an alternative to that which has been used in the following 
pages, or simply as a mnemonic. This brief classification may serve to 
suggest relationships and also to raise further questions. Some of these 
may be mentioned here. 

Firstly, tbe admission of Oreopithecui to hominld status Is still 
fuHicc, therefore until the full evidence becomes available the ascrip* 
tion to hominld status remoins tentative. 

Secondly, the recognition nf four genera of austrabpldieclnes re« 
mains open to some doubt Pletianthropus, at leost, may ultimately 
be demoted to ronk as a species of AuitrahiyithcciiS. 

Thirdly, some workers would be inclined to clossify Neanderthal 
man es a member oi the species arvefus. There is no insuperable ob¬ 
jection to sucli a procedure. It would, in fact, be perfectly legitimate. 
It should, however, be recognized that the neanderthalolds and oean* 
thropic forms of man were almost certainly not reproductive! y iso¬ 
lated, and tliat therefore any specific differences between them must 
be based on morphological considerations. The suggestion here is that 
the large size of the brain of the neanderthaloids far outweighs other 
morphological differences in bringing the neanderthalolds into the 
species sapiens as a subspecies neanderthehnsis^ On this procedure 
there may be difierences of opinion. 

A BBIBP CLASSIFICATION OF THE HOMINIDAE 

FAMILY HOMINIDAE 
I. swAMiLY ooaoFrmsciNAS 

Oenus Oreoptthscus 

Speciw bemboht 
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G«eus AMtrahpitii^cus 
Sp«de« promttfmu 

C«nu$ PofontJtfetnts 
5p«ci«s GrasHd»fta 
Speci«5 robiutut 
C«aus FUsianthropvs 
Species tninivoal«nsU 
Genus Ttlanthfoput 
Species MpentU 
Genus Zinfanthr&pvs 
Spedee b9M 
Cemis Ma^cnihropus 
Species poU«ciavcnieu9 

IJI. SVBfAMILY HOMlNTNAS 

Genus Homo 
Species Ofoetui 
Subipeclet aracftis 
Subspecies fobtutvs 
Siibspedel p^lnon^ 

Sub^edes scloeniis 
Subspecies meuriianieit* 

Sub^>ecles }iotd«lh$f$en>ia 
SpedM fopiona 
Subspecies rhoduitnsit 
Subspecies noetidorthalonaia 
Sub^ecles sapiens 
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—: The "Nosnderlhal Man’' and the an(.«stor8 of "Homo ^trpiere“ Am. 
Anthfopoiogm. 45;89-48, 1943. 

A valuable discusmen of the relntfonx of the Nennderthalolds to modem man. 

1 The skull of Sinanthropus Pekinensls; a c'ompui’abvc study on n primitive 
Homlnld skull. PaUgonlologlca SMcc, S.d.. S,127. 1943. p. l'S98. 93 pinto. 
The oSkinl and definlMve description of the skulls of the Sinanthropus Ktoup> 
containing. In oddltfon, a moat valnnble discuasion of the whole problem of the 
rclaUonshlps of fossil man. A highly important volume. 

— -; The KHlor skuU: a Wodlak type frojn Southeast Australia. Am.}. Phys. 

Anthropol. a;21-32. 1945. 
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1955. 
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WsfVBitT, H.: Africaothropus. der eeuc Affenmenschfund In Ostafrlka. ZSschr. 
Morph^ u. AnlhropoL. 36;L6-24, 1939. 
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Chapter V 


TIME, MORPHOLOGY, AND NEOTENY IN THE 
EVOLUTION OF MAN 

Tta DISCUSSION of the evolution of man in terms of morphobgy while 
conveying some notion of tlte physictl cluinges that have progressively 
led to the differentiation of the varieties of man fails, however, to tell 
us what scdne of the dsvelopmental mechanisms responsible for those 
changes may have been. 

In the preceding chapter we have seen that such saplensdlke forms 
as Swanscombe and Font^hevade antedate In time of appearance 
morphologically more primitive forms such as Neanderthal man. How 
can this be? If it is true that evolution progresses from the simpb to 
the more complex or more evolved forms, how can a more evolved 
fonn in any species appear earlier than a less evolved one? 

The terms "simple," "more complex," and "more evolved” beg 
some rather fundamental questions. The truth is that evolution does 
not always proceed from the more simple to the more complex. SaC' 
GuUna, which is an active crustacean, in tho earlier stages of its 
existence, swimming about by meons of welbdeveloped appendages, 
degenerates Into a paiasilio bag in its later existence which remains 
attached to the abdomen of a crab. 

Is sapiens type of man In fact "more complex." "more evolved" than 
presapiens man? Are thinner skull bones and absence of supraorbital 
tori, for example, evidences of greater comploxity or advancement? 
For the Idea of progressive advancement is implied in these terms. We 
think not. Evolutionary change has occurred, but with respect to the 
traits mentioned it would rather seem that it has progressed from the 
complex to the simpler. These questions are raised here for the reader 
to consider, but in this chapter we are concerned with a somewhat 
different question. It is: By what means did man come into being? 
What was the process or mechanism by which an apelike creature 
developed or evolved into a man? 

We are aware that genetically the evolution of man was brought 
about by the accumulation of adaptively fasmrable mutations acted 
upon by natural and sodal selection. But what kind of mutations? 
Adaptively favorable to what? 
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Commencing with a consideration of the precursors of man we paas 
backward in time Co the Pliocene, a geological epoch that extended 
over some 12 million years. Man is essentially a Pleistocene form, so 
chat many of the really important changes leading to tl^e advent of 
man must have occurred mainly within Che Pliocene. AH the indica* 
dons arc that Africa is the backdrop against which these evolutionary 
events were enacted. There is some evidence that in Africa during 
the Pliocene a number of significant climaCic changes occurred princi¬ 
pally related to rainfall. The withdrawal of the rainfall further and 
further northward had the effect of converting vast areas of forested 
land into open savanna, that is, sparsely*Cieed plains covered with low 
vegetation. Such environmental changes shifted tlie zone of adaptation 
from a life in the forest to one on the open savanna. Forest dwelling 
animals if they are to survive on the savanna must become adapted to 
the demands of on environment altogether different from that afforded 
by the forest. There are many ways In which different mammalian 
groups have achieved such adaptations, and even different primate 
groups, such as the bush babies, some lemurs, and baboons, who ex¬ 
hibit quite a variety of adaptations to life on the savanna or on rocky 
terrain. 

In the case of those apelike forms which comprised the ''lino*' that 
eventually led to man, their meeting of the challenges of the savanna 
environment, extending over a period of some millions of years, as¬ 
sumed the form^^uite fortuitously—of the development of adapta¬ 
tions enabling the individual to compete increasingly more successfully 
in the struggle for existence. Since the yield of plant foods on the 
savanna, as compared with the abundant yield of the forest, is small 
and varies catastrophically svitb the seasons, it is an advantage to be 
able to enlarge one’s dietary to include animals. Unlike plants which 
are stationary and have their roots in the earth, animals are mobile and 
have their roots in their stomachs. Animals require catching. They 
have to be chased. Only small game would be attempted at first, end 
thence one could go on to larger enterprises. But whether Urge or 
small those individuals who possessed traits that enabled them to 
gather In an adequate number of animals would be more likely to sur¬ 
vive and bequeath their traits to a larger and more successful progeny, 
than would chose not possessing such traits. 

The quest for subsistence would undoubtedly have placed a high 
premium upon the ability to cooperate, not alone in the hunt, but also 
in die sharing of food, the care of the young, and the care of ffie old. 
All these are highly cooperative activities, and those individuals ex- 
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hibiticig such cooperaHve traits would hft more likely to leas'c progeny 
chan those who did not 

To judge from the australopithecmc remains it would appear that 
the erect posture was one of the first manUke adaptations achieved by 
man's early ancestors, probably in the Upper Pliocene. The erect 
posture frees the hands for manipulatory activities which, accompanied 
by increasing intelligence, enables one to command (be environment 
more effectively. Intelligence, tho ability to scan, forecast, solve prob* 
Ians, and make rapid adjustments to rapidly changing conditions, is 
at a premium. An aoimal narrowly confined within the walls of his 
Instinctual equipment will not do as well under such challenging con¬ 
ditions as one ti)at is free to use its intelligence unrestricted by pre¬ 
conditioned determinants of behavior or limited to a narrow range 
of responses. In short, the animal that becomes increasingly httd 
from its instinctual drives In arriving at decisions, becomes the driver 
instead of the driven, and under the umestricted operation of natural 
selection would tend to be favored for survival as compared with 
those who tended to live by their instincts. 

By means of such a selective process the immediate forerunners 
of man would have been increuingly freed from the limiting effects 
of their instinctual drives, so that by the time hominid status would 
have been attained virtually the last vestiges of that instinctive system 
of drives would have disappeared. If instinct is lapsed inteUlgeneo 
enabling the animal automatically to make appropriate responses to 
a limited range of stimuli, man’s freedom from such instinctive mecha¬ 
nisms makes him the one crenture whose responses to the environ¬ 
ment are potentially unlimited. Man is equipped with potentialities 
for learning whatever he requires to know in order to grow and de¬ 
velop as a fully adjusted human boing. In this respect, also his po¬ 
tentialities are unique, with the maximum capacity for phenotypic 
adjustment That is to say, man possesses a genetic endowment which 
makes it possible for him to adapt himself to every possible en¬ 
vironment. Man’s phenotypic plasticity is the result of a long history 
of evolutionary adaptation which has ciilmioiated in the most plas¬ 
tically adaptable, the most extraordinarily educable, of all living 
creatures (see pp. 488-495). 

To be educable means to be dependent. If, then, one has Co leam 
to be a functioning intolligent being, with learned behavior substituted 
for instinctually predetermined behavior, on appreciable period of 
time must be available during which the trained skills of intelligent 
behavior may be acquired. The developmental mechanism by which 
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this availability of time for learning was ensured appears to have 
been achieved by means of a process which caused a retention or 
peTsistenc« of the fetal or Juvenile plasticity of ancestral forms in 
the later postnatal developmental stages of the individual. This process 
by which the young (fetal or juvenile) features of the ancestor are 
retained in the mature stages of postnatal development is known as 
neotenj/^die developmental retention of fetal or juvenile characters 
in the adult. The suggestion is that many of the changes whicli led to 
the appearance of distinctively lu)minid traits were brought about by 
neoteny, that man, as the Dutcli anthropologist Bolk pointed out, is a 
fetalized form. Man exhibits the retention of many characters that 
resemble those of the fetus of apes and man, some of which are 
listed below. 


N4otcnau9 Ch<i»ictm in Mon 


RetenUnn of ennid Anure 
Long slender neek 

PfiiwArd position of foremen ninsnum 
Orhtts ur^ croniel ceWty 
Fineness of fece (orthognathy) 
ReUrded closure nf crinisi sutures 
Lorge volume of brain 
Smell face snd luge bralncese 
Reundhead«<lnm (brachycephely) 
Smell teeth 
Late eruption of teeth 


Absonce of brow ridges 
Abienco of cronUJ cretts 
Thinness of skull bones 
Olobiiler form of slnill 
Halrlessness of body 
Lack of pigment in some groups 
Thin nails 

Non•rotntlol^ of big toe 
Iiwomplele rotation of duimb 
Prolonged dapendency period 
Protengod growth period 


In the fetus of all mammals and most vertebrotes the axis nf the 
head forms a right angle with that of the trunk, the cranial flexure. 
In all mammals, with the exception of man, a rotation of the head 
occurs during the later stages of development so that the head 
assumes an orientation that is continuous with the direction of the 
backbone, as, for example In the adult dog (Figure 163). Man, on 
the other hand, retains the craoUl flexure, his face pointing in a 
direction at right angles to the axis of his body. The visual axis, the 
line of sight, of both dog and men is horizontal, the dogs body is 
also horizontal while that of man is vertical. In the adult great apes 
the position of the body is in between, being oblique, and the axis 
of the head is also intermediate, the foramen magnum being situated 
more posteriorly Chan It is in eitlier the fetal ape or fn man. It thus 
transpires that mao’s erect posture Is probably due to the retention 
in postnatal development of a fetal condition which in other mam* 
mils is limited only to their intra-uterine state of development 
Man’s flatdacedness is also a fetal character, and it Is an interestiog 
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spccxilaHcm that since orthognathy is limited io tU« early fetal stages 
of development io apes, the fetal develoiHuentaJ stage at wliich 
the neotcnous mutations occurred In man’s ancestors that led to 
orthognathy in man must have occxured fairly carly^r point to 
which we shall return. 

The sutures of the braincase remain open In man until all growth 
has been completed, and long after die brain has achieved its mail- 
mum growth (see Figure 221). While in the apes the sutures begin 
to close within die first few years of life, In man they do not generally 
commence to close before the end of the 23rd year. It is of consider' 
able interest to note that there is a close correlation between the 
duration of the early learning period of man—the first six years—and 
the maximum growth of the brain. 

Since the brains growth In volume is completed by the twentieth 
year, the cranial rutures must remain open at least until this period 
of growth has been completed. Occasionally, due to some pathologic 
cause, the sutures unite in early childhood and prevent the brain 
from growing, with the result that such children remain mentally 
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TABLE IX 

Growth b* Biuiw and CiUtftAL CAfACmr, Both 8cxs« 


Weight ffm. 


Volunu «c. Capoeitj/ ec. 


Birth 3 » 330 f« 

3 months 520 500 W 

6 raonthn ^ 5S9 

0 months 750 575 W 

1 yoar 825 750 1,00( 

^ytCkrt 1,010 600 

aysar* 1,115 m i,g; 

4yei« 1,180 1,000 ,|0( 

6 yearn J,2M 1 , 0 M ,3« 

OyewR 1,307 1,100 1,4a 

I2yctri 1,838 1,160 1,45; 

IByesfs 1,858 1,1W 1<4W 

ISvMn 1,871 1,175 1,47j 

20 years 1,878_1,200 1,50C 


»/o^ cm, nn n, CMUpy Ca, low, p. no. 


retardad all thoir lives. The major and ftindamenUl pari of human 
learning takes place during the first six years of life, and, as will be 
seen from Table IX, it is during this period that the greater port of 
brain growth is accomplislied, 

A point of great significance is that the human brain begins its 
real growth and development at birth, and continues to grow and 
develop in the functions of a human being, throughout the first two 
decades of life. The brain of a 3 year old child is almost of the site 
and weight of that of an adult. By the age of 6 years the brain has 
generally virtually achieved full adult size, In man the active growth 
of the brain fsj* exceeds that of any other primate. At birih the 
mean weight of the brain in Caucasoids is approximately 350 gm or 
approximately 3.9 Hmes less than its adult weight, The growth of 
the brain is very different from that of the rest of the body, being 
quite explosive during the first year when it more than doubles to a 
weight of 625 gm—a gain of 475 gm. In the second year the gala is 
almost 275 gm, in the third year about 175 gm, and continues at the 
rate of about 70 gm up to the end of the fifth year when the brain 
weight reaches 1230 gm. From tbe sixth to the tenth year the average 
increment varies as follows: 19 gm between 5 and 6 years, 6 gm be^ 
tween 6 and 7 years, 46 gm between 7 and 6 years, and 10 gm between 
9 and 10 years. After the first decade and to the end of the second 
decade the increment is less than 3 gm a year—to a total of 1376 gm. 

At birth the human brain is only 23 per cent of its adult size, and 
by the end of the first year the human infant has achieved 60 per 
cent of its total brain growth; by the end of the third year some 81 
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per cent. In the great apes the major pert of the growth is achieved 
within the fiist year. In the rhesus monkey and in the gibbon 70 
per cent of the biain growth has been achieved by birth, and the 
remainder is completed within the first six months. In the great apes 
the active period of brain growth occurs during the first eleven 
months, and in man during the first thirty‘Six months. Complete 
growth of the brain in man is not achieved until the end of the 
second decade of life. As ICeith has pointed out, in this prolongation 
of cerebral growth and development we see an Important, “If not 
the most important, feature of human evolutioi^namely, the time 
taken to assemble and to organize the myriads of nerve cells and of 
nerve tracts which enter iitto the structure of man's brain.” This 
process, as Keith adds, exemplifies the “law” of fetalization or ne* 
oteny, and it is this process which Is capable of explaining the ev^ 
lutinn of that most unique of all traits, the human mind. 

It seems reasoruibly clear that the growth (increase In size] and 
development (incxense in complexity) of the human brain is a neo* 
tenous phenomenon. In ocher words, man preserves something akin 
to the rate of growth and development characteristic of the fetal 
brain or preserves and improves upon the rate of growth and devel* 
opment of the infant ape*bra<n long after the latter has ceased to 
grow. 

The deciduous dentition of the great apes is more like that of 
adult man than It is like tliat of the adult apes, so that it is not sur* 
prising to find, for example, that the deciduous teeth of the australo* 
pitheclnei resemble more closely the permanent teeth of man than 
they do those of adult australopithednes. 

In the long delayed eruption of both the deciduous and perma* 
nent teeth In man we again observe a neotenous trait, the prolonga* 
tion of the edentulous state of the fetus < 

In all the other physical traits listed man mote closely resembles 
the fetal ape than he does the adult. The prolonged postnatal depend* 
ency and growth periods are simply prolongations of the fetal de* 
pendency and growth periods. 

One of the consequences of the prolonged dependency period of 
man is that it involves a rather long nursing period, and it is pre* 
sumed that the unique everted mucous membranous lips of man 
have evolved as an adaptation to tlie prolonged suckling period of 
the human infant. Just os the cheeks of the human baby with their 
suctorial pads of fat are very different from what they are in the 
later child or adult, so does the character of the lips differ in the 
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Figure 164. From left to rights showing how the neonotAl skull of various 
primates differaiitiatas to varying degrees of garontomorphiim from a rela* 
tively common neonatal form. To facilitate comparison the skulls are all 
drawn to approximately the some size. (From Abble. Cour tesy, Truns. F. S. 

Soulh AurifolO 

baby from what they will later be In the child or adult. The newborn 
baby's lips are characterized by a median papilla (which is some* 
times mistaken for an abnormal condition). This papilla, on each 
Up. enables the baby to secure a better hold upon the breast. 

It is reasonably clear that what is inherited by die organism has 
in part been acquired as a coriequence of interaction of genotype 
with environment durlog development. It is during the process of 
individual development that mutations acquire phenotypic expres¬ 
sion. Any mutation which serves to produce a relative retardation 
of somatic development so that the descendant fails to pass through 
several of the developmental stages of the ancestor, will result in 
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the descendant exhibiting a pattern t)f growth which in the ad;ilt 
stage represents n retention of die ancestral fetal or jitvonile pattern. 
Many such cases Qre known to zoologists and geneticists, lu which 
rates of development, the retention of an embryonic or juvenile 
character and iU extension in the adult, duration of developmental 
periods, and termination of clevclupment are affected by mutations 
which may have distinct and marked effects upon adult form. Such 
neotenous mutations may spread rapidly in a small population, and 
it is su gg ested that under such conditions the fetal or juvenile devd* 
cpRiental stage of a pithccanthropino or similar typo could have be* 
come very quickly consolidated in the descendant group. A fetedized 
pitheoanthroplne. to judge from the juvenile Modjokerto skull, or 
a fetalized australopithecine, to judge frorn the juvenile Ausifol* 
opithecut africomis, would more closely resemble modem man than 
these fossil juveidlo forms would the adult members of their own 
type. Spuhler (1^) has shown (hat tlie deciduous teeth of the 
australoplthecinea ore more like the deciduous teetli of modem man, 
but the permanent teeth are more like those of apes. In almost all 
die traits In which the juvenile members of these fcssll forms differ 
from the living apes and their own adult forms they most closely 
resemble modern man, for example, in the cumparAtiveiy globular 
form of the skull, the thinness of the skull bones, the absence of 
brow bridges, the absence of crests, the form of the teeth, and the 
relative size and form of the broin. Wo can have little doubt as to 
the form and characters of the fetal forms of the australopithecine 
and pithecanthropine types^these would almost certainly more 
closely resemble the human than the anthropoid. It Is by the reten¬ 
tion of such fetal and juvenile characters in the adult, particularly in 
the head region, by neoteny, that a neanthropic type of man could 
have evolved quite early in the history of the human species. M. R. 
Diennan, and L. H. D. Buxton and de Beer independently suggested 
that modern man may not be unrelated to a neonderthabid type 
if he can be regarded aa descended by neoteny from e juvenile form 
of the latter. But more recently de Beer has slated, "It is now 
realized that (lie ancestor of modem man could not have been Ne* 
anderthal man because he appeared later in time than the earliest 
types of modem man. But if the human ancestor was similar to 
Pithecanthropui, or Austrolopithecus, modem man would have de* 
scended from them by reteotloo of features in the juvenile forms of 
their skulls, which is what is meant by neoteny.” 

Neotenous mutations appear to have expressed themselves some* 
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what diEerently in the diffexent major groups. Mongoloids, for ex¬ 
ample, are rather more fetalized in their adult characters than are 
Caucasoids. Megroids exhibit some fetal traits that Caucasoids do 
not Below are listed some of the neotenous characters in which 
Mongoloids and Negroids difer from Caucasoids. 


NaoCanoits Ch«ract6ft jfi Which snd N^^fOlds Diffgr from CaucatoUii 


Mongoloids 

Less hairy 
Larger brelncase 
Larger briin 

More frequeotiy brachyoephalic 
Broader face 
Plar root of noae 
Epicenthic fold 
More proriiberank eye 
Lack of brow ridges 
Creoler graciUty of bones 
Shallow mandibular fosia 
Small masuMd precesaee 
Slociry build 


hltgroida 
Loss hairy 
Fiat root of nose 
FlatUsh ao^e 

Small ear* Bushman-Uottoniot 

Short atarura 

Roujtdheadod {Meaocephallc) 
Wide separatiOD of eyes 
Eploenlhlc fold 
Bulging fdreliead 
Rolativoly large brain 
Small faoo 
Horlaonlal penii 


The varieties of mankind that fall into those broad classlficatory 
categories that we today call "major groups" were at one time very 
smaU populations, and it Is evident that in these populations neo* 
tenous mutations occurred somewhat differently in each one. Similar 
differences in mutation could have occurred among the Pleistocene 
populations of man. In this manner one could readily explain the 
appearance of such neanthropJC'Uke types as Swanscombe and 
Fontdehevade before the advent of such an apparently morphologi¬ 
cally more primitive type like Neanderthal man. The fact that Ne* 
anderthal man got to look more "primitive” than ho appeared to be 
in his earlier phases of evolution, suggests that our conceptions as 
to what is "primitive” and what “advanced” in human morphology 
are in need of careful study. Jo the Neanderthal group we see that 
an apparently less primitivedooking morphological type actually 
preceded a seemingly more primitive-lookiog type. If this sort of 
thing could happen in one variety of man it could certainly happen 
as between different varieties, as we have in fact seen that it hap¬ 
pened among the living major groups. 

As long ago as 1923 Keith, in commenting on the ideas of Bolk. 
remarked that "Man's outstanding structural peculiarities have been 
produced during the embryonic and foetal stages of his developmental 
history." In 1925 he wrote, 'This intrauterine period is one which 
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Figure 165. A scheme to illujtraie the suggested eommon primete stem, and 
the meaner in which distiactive forms of various primetes have beeji derived 
from it by a combination of the processes of pedoiaorphtsio and geronto* 
laorphism. {From Abbie. Courtesy, Trans. R. S. South Atisiral.) 
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gives every opportunity for the working out of new invenlions.” And, 
again, in 1947, ‘tt is during the intrauteiine phose that neaily all 
revolutionary changes in structure liave been introduced.” 

Dreonan, and more recently Abbie, have argued that anthro- 
pcdoglsts have paid insiifRclent attention to the developing uterine 
oiganism, that is, the embryo and fetus, and too much attention to 
the adult form in die study of man’s physical evolution. This has, 
in large part been unavoidable, since most of the fossil remains re¬ 
covered have been those of adults. Abbie has pointed out that it is 
really not a sound procedure to attempt to trace human evolution by 
the comparison of adult forms, and suggests that the only common 
stem that can be found for the primates lies in an early embryonic 
series Practically any of the primates in such an embryonic series 
could produce a sufflclently generalised precursor of man. Conse* 
quently, it would not be necessary to go very far back into primate 
history to find the ancestral form. And, as Abbie states, “If a common 
generalized foetal form could be discovered the problem of man’s 
ancestry would be mud) closer to solution than it is now.*' As a work¬ 
ing hypothesis he visualizes such a form as resembling a human 
embryo of about 7 weeks’ gcstab’on, as shown In Figure 165. Develop¬ 
ment, at tltat stage, is that of a generalized primate, with the digits 
of the hand differentiated but not tltose of the feet, so chat there Is 
not yet any indication whether the great toe will become lined up 
with the other toes as in man or wiJl become opposable as in the apes. 
All that is required at this stage is a very small change io order to 
shift this structure either in the one or the other direction. 

In Figure 165 Abbie has provided a simple scheme to illustrate the 
manner in which distinctive forms of the various primates may have 
been derived from a common primate fetal ancestor by a combination 
of the processes of fetalization and gcrontomorphism.* Development 
from the common stem by defetalization or gerontomorphism of vary- 

* Ctrentonorphlgm, the process oi phyloj^enetic change ts the result of the 
modiBceUOR of adult troJts, by mcons of adult variation, whereby adult anoeatral 
traits become the traits of youthful deacendonts. 

Dtftt^Uxahon, the process whereby development occurs by the Ices of feral 
train by their postnatal progression toward more complex adult fonns. 

Fetalitation, the process wh-reby oncesiral or the organism’s own fetal trails 
are retained in the development of the adults of a descoidant group. 

Padcmorphoels, the process wher^ ancestral or the organism's own /uvenlle 
traits are retalsked In the development of dte adult descendants of a group. In¬ 
correctly used Si a synonym for fetaHzatsoa. 

hfeorenv. the process whereby ancestral or the Oi^anism’s owa fetal and/or 
{uvettiie traits are retiined In the development of the adult descortdants nf a group. 
Embraces both fetaiizetioD and pedomorphosis. 
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ing degrees loads tlirough such fiivenllc forms those shown m the 
lower row, which In turn lead to the gorontoniorphic forms sho\vii 
above, but wliich progressively exhibit, above the 700 c.c. cranial capa¬ 
city in the adult, a tendency toward the retsntion of fetal traits in the 
adult. 

CONTEMPORANKilY Ol' MoAPHOLOUlCALtY DlVEASa FORMS OP MaK 

How can we account for the preseuce of probable neanthropic 
types like Kanjera man, Swanscombe, and Font^hevade preceding 
such Apparently more primitive types ns the Neanderthaloids? Let 
us consider some of the facts. 

The hominid form most resembling the aiistTalopithednea is 
Pithecanthropus rohiistus from the Lower Pleistocene of Java. Mid¬ 
dle Pleistocene Pithecanthropus ereclus of Java, and Sinenthropus 
pekinenris of the same age from China, follow next in moridiologlcnl 
sigoJficanc^whJch is not necessarily morphological or tonporal 
order. Next follows the Upper Pleistocene Java Solo man. Solo man 
belongs either to the end of the Third Interglacial or the beginning 
of the Fourth Clacial. Tlds pithocantliropoid type Is undoubtedly a 
descendant of the older pithecanthropines, and the persistence of 
Solo man possibly into the Fourth Clacial affords us an opportunity 
to study the evolutior) of a hominid group in what soems to have 
been a thorough geographic Isolation from other hominid groups. 
We may thus observe the trend of evolution from Pithecanthropus 
robustus through Pithecanthropus erectus to Solo man. The clianges 
over this great period of lime, which we may conservatively put at 
500,000 years, are both absolutely ond relatively mlnor-^but changes 
there have been. These changee we know to hove affected the brain, 
in the filling out of the antero-inferior parlcto-temporal region, while 
in the skuU the structure of the foramen magnum is unique in that its 
anterior half faces more or less downwards whereas the posterior half 
faces backwards. There ore other interesting but minor changes. 
The Important fact 1$ that in Solo man we have an insular terminal 
hominid type which is morphologically clearly descended and but 
bttle altered from Pithecanthropus robustus. In other words, the 
rate of evolutionary change in the geographically isolated group of 
Javanese pithecanthropines was comparatively slow compared with 
that which appears to have been occurring in other hominid groups 
elsewhere. It is possible that in Solo man we have an example, in 
minuscule, of what Simpson has called bradytely, that is, lack of ap¬ 
preciable evolutionary change over a long period of time. 

If, as is generally done, we assume a monophyletic origin for 
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man in tho Eail/ Pleistocene or Late Pliocene, it should be ab\m« 
dently clear that to account for such different contemporary inorpho- 
logical types as Solo and Font^chevnde man (each from the latter 
parts of the Third Interglacial) and such earlier differing contem* 
poraneous (Middle Pleistocene) types as, on the one hand Pitliecfiih 
thropui erectus, and Kanjera and Swonscombe man on the other, it 
will be necessary to consider every evolutionary process which may 
possibly have played a role in producing such types. 

Hvolutionary Bates 

Starting as members of a common morphologically similar phy- 
]et'c group, separated or isolated populations could, as the result of 
differences in rates of evolution, become significantly differentiated 
from one another, and this even though the trend or direction of 
evolution may remain the same. In this manner It would b« possible 
to account for certain pJienomena in the evolution of man whidi upon 
a naive or orthogenetic view appear to be irreconcilable. 

For our purposes an evolutionary rote may be defined os a meas* 
ure of morphological change relative to a given period of elapsed 
time. Simpson has recently fully discussed tho varieties of evolution* 
ary ratas, ond for a discussion of this subject the reader may be 
referred to his work, The Major Features of Euofutton, It is now 
fairly well understood that there has been the widest possible varia¬ 
tion in evolutionary rates in the evolution of living forms. Simpson 
tells us, for example, that, "Of North American mammalian stocks 
introduced late South America in latest Pliocene and/or early Pleis¬ 
tocene, that Is, perhaps from a million to SOO thousand years ago, 
probably all have become speclBcally distinct, many have become 
generally distinct, but none has become so distinct as to be reason¬ 
ably placed In a new subfamily or family," And Simpson adds that, 
as he had already noted earlier in his book of other single examples, 
“this represents an increased average rate of evolutiozi accompanying 
occupation of new territory." The evolutionary rates of tlie members 
of the same groups which remained in North America changed in 
an appreciable but somewhat lesser degree. 

Occupation of new territory, to judge from the wide dlsttibution 
of fossil man upon the earth, and the wanderings of peoples, appears 
to have been a not infrequent activity of many prehistoric human 
populations. Such prehistoric populations seem to have been very 
small, so that genetic changes could have become rapidly established 
in them. 
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As Simpson lias pointed out, man as n mamrnul must he con* 
sldered to have evolved at a more than average rate, and as a mam* 
mal of quite oi’dinary inherent variability be owes his present great 
mtergroup variation to the fact that he has adapted to a uniquely 
large number of different habitats—the habitats of man being not 
merely the differing physiographic environments but including also 
the different sociocultural environments. 

PedomorpJiosis, Fetalizatlon, Neoteny 

Mutations have, of course, occurred-^nd occur—In the mcmheis 
of all human populations, but in accounting for evolutionary dlf* 
ferences in man It seems unnecessary to assume substantially differ* 
ent mutation rates in different separated early groups of man to 
account for the contemporaneity of palantluoplc and ncanthroplc 
types. It is here that the process of pedomorpbosis may play a sig¬ 
nificant role. The original notion of pacclogenesis, ns he cnlled It, 
was elaborated by von Baer in 1323, to describe the development of 
mature germ cells in a larval body. The concept of neoteny was 
quite clearly discussed by J. £. V. Boas in 1896 as the process by 
which the young features of the ancestor are retained in the adult 
stage of the descendant. Tile concepts of fetal izatlon as proposed 
by L. Bolk, and neoteny by 0. R. de Beer, proteiogeuesls by 0. H 
Schiodewolf and brady genes is by A. N. Ivanow, mean pretty much 
the same thing as paedogenesli or pedomorphosls, except (hat. strictly 
speaking, fetallzatlon would refer specifically to fetal stages, while 
podomorphosis would refer to young stages. Since the term “neoteny" 
embraces both these stages as well as the processes of rate Implied in 
Schindewolfs and Ivanows terms, it is to be preferred as the more 
comprehensive term. 

No one disputes neoteny as a factor of evolution In many lower 
animal groups. The questions for us to decide, in the light of the 
evidence, are whether it is at all probable that neoteny has occurred 
(!) as a factor in the evolution of man, and (2) as a factor in tlw 
early difierentiation of man. 

The fact that mao belongs to an order of mammals in which most 
of its members produce a single offspring at a birth (monotoeous) 
made possible the establishment of mutations favoring fetalizadon. 
In animals that produce several young at a birth (polytocous) competi¬ 
tion between the intrauterine organisms for nourishment and space 
is considerable. Under such conditions the adaptive advantage lies 
with rapid development, and the emergence of fetalisatron becomes 
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impossible because gcoes favoring a slowiDg down of development 
would bo eliminated. With one offspring nt a birth the case is quite 
different, and a slowing down of development becomes a great ad* 
vantage. Hie longer the single offspring is preserved in die womb, 
the more leisurely its development can be, and the more likely it 
is to be preserved for t\v$ species. A fetus is, on the whole, better 
nourished and less exposed to danger than a newborn infant. Under 
the conditious of life of man's precursoi's and early man lUmself, 
such a prolongation of the intrauterine period of development would 
have been of great advantage. Genes, therefore, favoring such a pro¬ 
longation of intrauterine development by a slowing down of the rate 
of fetal development, would gradually have been established as part 
of the human genotype by natural selection. 

According to the fetalization theory, then, the essential feature 
of human evolution has been not so much the development of new 
characters as the retention of embryonic, fetal, and infantile ones. 
It is interesting to observe that the female of the species exhibits 
these tendencies rather more markedly than tho male. 

The future of human evolution, if we are to judge by Its past, 
will probably involve a greater prolongation of Intrauterine existence 
as well as of childhood and a retardation of maturity. Some of the 
characters now distinguishing adult man will be lost. As J. B. S. 
Haldane has pointed out, "It was not an embryologist or a palaeontolo¬ 
gist who said, *Exoept ye . . . become as little cldldren, ye shall not 
enter the kingdom of heaven'." 

Respecting the evolution of such typos as Kanjera, Swanscombe, 
Quinzano, and Font^chevadc, tho suggestion U that thoy constitute 
possible examples of forms of men In which evolution by neoteny 
may have played an appi’cciable role. Neotenous mutations may have 
occurred with different, but probably insubstantial, frequencies in dif¬ 
ferent early liomlnid populations derived from a common stock, and 
hence, by this means, in Isolated homlnid populations, very appreciable 
morphologic changes could have been brought about. The selective ad¬ 
vantages of such possible neotenous changes is a subject which has 
received insufficient attention. What was the advantage of thick skull 
bones, if any, in palanthropic types? Wbat is the advantage of thinner 
skull bones ld neanthropic types? What were the advantages of supra¬ 
orbital tori in the pithecanchropines and neanderthalou^? What Is 
the advantage of the absence of these tori in neanthropic types? We 
don't know; we don't even have good theories. We need to think more 
about these matters much in the manner in which C. $. Coon, S. M, 
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Gam axid J. S. Bircbell have in their book Race, with respect to the 
differouces characterizirig modem varieties o£ man. Above aJl, we need 
to investigate such matters by experimental means. 

Time as o Factor in Evolution 

In conclusion, a few words may be added on the dimension of 
secular time as a factor of evolution. Secular time is the matrix in 
which cvolutionruy change occurt. It is a universal constant, but 
time has no direct control ui>on evolutionary change. Time provides 
the constant against which change may be measured. Whatever it 
is that undergoes change li, however* developmeotally influenced by 
time—change occurring as the result of the interaction of ©vents whldi 
occur within time. 

Time heals all wounds not because of its passage, but because of 
tli© occiirroDce of events during the passage of time which produce 
the healing. Were it not for those events no amount of time would 
be sufficient to produce the beallng, Similarly, it should be clear 
that \inless certain events occur no amount of time will servo to pro¬ 
duce evolutionary change. However, time being the succession of 
instants during whicli events occur, time is obviously necessary tor 
events to occur in. Time is, therefore, a factor or condition of evolu¬ 
tion, Evolution needs time. 

What we have Seen attempting to say In the present chapter is that 
during the same length of secular time, rotes of evolutionary change 
may vary appreciably in isolated populations of the same species. In 
man, with his somewhat unique breeding habits, and large differences 
in mobility—some early ix>pulaHons having been confined to a re¬ 
stricted habitat while others wondered over large continental areas, 
man having reached practically every port of the hobitahle globe—tl« 
possibilities of idiosyncratic variation have been greatly multiplied. 
Bates of evolutionary change in different early hominid groups dur¬ 
ing the same length of secular time, exhibited principally os differences 
in the rate of neotenous mutations—among other factors—are quite 
sufficient, it is suggested, to explain such apparent anachronisms as 
neanthropic types of man in the Middle or even Early Pleistocene 
and a palanthropic type of man in the Upper Pleistocene—always, 
providing, of course, that we are also finally able to understand the 
adaptive value of these neotenous changes. 

The hypothesis here advanced suggests that commencing with 
a single hominid ancestral population, which has subsequendy sepa¬ 
rated into several geographically isolated populations, that in addl- 
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tion to such factors as mutation, natural selection, isolahon, drift, 
and the liJce, neotenous mutations have piayed an important role in 
adding to the quanta of morphological difference among such popula* 
tions, Neotenous mutations occuiTing at a more rapid rate in some 
early populations than in others would, at least in part, be responsible 
for the development of morphologically modernlike types of man at a 
period contemporary with the flourishing of such types as Pithocan* 
thropns, Heidoiberg, and Solo man. The hypothesis suggests that in 
the latter typos neolenoiis mutations occurred comparatively infre¬ 
quently. 

Ncoteny and the Evolution of the Human Mind 

A problem perennially puzzling to the student of man has I>een 
the manner in which (he distinctively human brain and mind liave 
evolved from apc*llke counterparts. Tlie mechanism of this evolution 
has not been understood. N. C Tappon has pointed out that the 
''Ancestors of the hmnan group must have made the shift over to 
symbolic communication to Initiate speciBcally human evolution.* This 
is reasonably certain. Rut what is required is some explanation of the 
mechanism by means of which this shift was achieved. As Tappen 
adds, "Once such a shift toward this new adaptive zone was Initiated, a 
high selective advantage for individuals better adapted to learned be¬ 
havior and symbolic communication must have ensued.’ 

It is clear that the rate of structural development in man has been 
appreciably retarded as compared with the rate in apes. It would 
appear that a similar process was associated with the development of 
those structural elements which form the physical bases of mind. Jn 
other words, as a consequence of neotenous mutations having multiple 
effects both morphological characters and functional capacities may 
have been influenced In the hominid-human direction. {"Hominid” 
refers to the classlflcatory status of man as a moiphological form; 
■human" refers to the psychological capacities of such a form.) On 
the other hand the mutatious for the strictly morphological changes 
and those affecting the mental faculties may have occurred quite inde¬ 
pendently. One thing seems highly probable, namely, that the shift 
to the human mental status occurred as the result of mutations which 
caused the retention of the capacity for educability, so characteristic 
of the juvenile ape, right into the adolescent and/or adult phases of 
development. 

The morphological chasm once separating man from his non-human 
animal ancestors has been steadily reduced within recent years by the 
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discovery siich cxtiact fonns »s the Australnpithccines of South 
Africa. Morphologically the austroJopithednes are not altogether apes 
(as we have Iiitherto known them) nor altogether men (as we know 
them), but something in between—which is exactly what the forms 
intermediate between apes and men should be, neither altogether 
the one (apes) nor quite the other (men), hut the advent of the past, 
so to speak, on its way toward the future. The australopilhecines ha* 
bitually stood and walked erectly as ably or nearly as ably as man. 
The range of brain volume exceeded that of any known ape group, 
the largest known ape brain being that of a gorilla with a volume of 
655 cc.. while the australoplthednes range in bruin volume from 450 
to 750 cc. The highest limits of brain vohime in the niistralopithecines 
fail to fall within the lowest limits of the range of brain volume of 
modem men of normal intelllgence'^30 cc. 

The brain volume of an australopitliecine such as Telonihropus 
cap^nis, as estimated by Robinson, namely between 550 and 950 cc. 
is generally agreed to be too high, but 750 cc. is not, and this is 
within calling distance of the lower limit of the fithcconthropin- 
Sinanthropus group with a range of 385 to 1225 cc. Robinson believes 
tliAt Tciantkropus has virtually bridged the gap between ape and man. 
The gap seems, however, to be larger than Robinsoo suggests. Most 
students axe of the opinion that the austrnlopithecines do not constitute 
the group immediately ancestral to man, tliough most agree that they 
are closely related to the homlnld ances&al group. The cerebral Rubi* 
con which Keith placed at a mean of 750 cc. Is a good distance from 
having been crossed by the australopitbccines. "The Rubicon,” writes 
Keith, 'l>etweeD apehcod and manhood, so far ns concerns brain vol¬ 
ume lies somewhere between 700 cc. and 500 co.; to be more precise, 
I would say that any group of the great Primates which has attained 
a mean hroin volume of 750 cc. and over should no longer be regarded 
ns anthropoid, but as humnn.” The emphasis here is upon a mean brain 
volume, and the mean brain volume of the australopithecines is 576 oc. 
This is quite a long way from the mean brain volume of the pithecan* 
thropoids of SSI cc. On the basis of brain volume the australopithe- 
cines have not crossed the Rubicon to achieve the status of man. 

Whatever conclusion we arrive at concerning the australoplthe* 
cines on morphological grounds, there can be little doubt on functional 
grounds, as is evidenced by their tool-making abilities, that at least 
one group of advanced australopithecines. Zinjanihropue boisei, had 
made the passage from ape to man. Yet, as we have seen, in an earlier 
chapter, ^ brain volume of Zinjanthropus is estimated as having 
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been below 700 cc. Th© “Cerebral Rubicon." therefore, must be re¬ 
duced downwards. Quite clearly what matters is die genetic change 
nfiecting the chru'ncter of the bruin, however small its size, which some¬ 
how enables it to function at a Imminid conceptual level. Doubtless 
there are limits below which the size of the bruin could not function 
in such a manner, but they ore apparently lower than had previously 
been considered possible. 

It docs not seem tlmt many great structural changes would be 
necessary to produce those qualitative changes that would serve to 
distinguish the human from the ape mind. It would seem, on the 
otlier hand, that the principal, if not the only changes necessary would 
be those facilitating the ease of symbol usage. What tlie nature of 
those changes moy b© Ls at present conjectural. Increase in (he num- 
|}er of fine connections between cerebral neurons with increased capa¬ 
city for growth nt axon terminals, resulting in improvement In die 
association, scanning, ond feedback capacities of the brain. is one 
possibility. Thorndike has suggested that “in their deeper nature tho 
higher forms of intellectual operation are Identical with mere associa¬ 
tion or connection forming, depending upon the same sort of pliysio* 
logical connections but requiring many more of them." Tills is possibly 
an oversimphfleatioR. However wc may describe die structural changes 
which have imdoubtedly taken place in the human brain, they will 
amount to but (he other aspect of what we have already stated, namely, 
that the difference lietween the human and ape brain is that the human 
Is more educable. Indeed, educability is the species characteristic of 
Honw acpiens. Tlie juvenile ape is more educable than the adult ape, 
and the suggestion tier© is that (he preservation of the educability of 
the juvenile ape into the adult stage in man, by neoteny, serves to 
explain the evolution of a brain capable of a human mind. 

The theory outlined in this section suggests that the shift from the 
status of ape to the status of human being was the result of neotenous 
mutations which produced a retention of the growth trends of dio 
juvenile brain and its potentialities for learning into the adolescent and 
adult phases of development. It is clear that the nature of these poten¬ 
tialities for learning must also have undergone intrinsic change, for 
no amount of extension of the chimpanzee's capacity for learning 
would yield a human mind. 

It is further suggested that evolution by neoteny of the mental 
faculties has been a gradual process from the commencement of man’s 
origiQ from the apes. It is questionable whether the shift from the 
ape to the hominid status was saltatory either for morphologioal or 
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for mental traits. It may be doubted, for e\<uni)l«, that PUhocanthropus 
robustus was us bright us Solo man, though it Is luglily pit>buble (hat 
he was brighter than any of the austrulopithednes. The progressive 
increase in the volume of the brain in the fossil Hominidae seems to 
have been paralleled by a progi'OSsivc increase in mental capacities. 
Size of brain seems to have stabilized itself in man, in fact there seems 
to have been n decline in gross size or dimensions of the human brain 
since the days of Kcanderthal man. This does not, liowover, mean 
that the increase in brain moss has come to an end. Increase in moss 
may be achieved by deepening and multiplication of the number of 
cerebral convolutions, that U, by increasing the surface area of the 
brain without increasing its size. There U no reason to suppose that 
either tlic quality or duration of man's capacity for learning will not 
be subject to further ovolutlou. 
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Chapter VI 


THE CRITERIA AND MECHANISM OF ETHNIC 
DIFFERENTIATION 

Thkhe exUt many distinctive groups of mankind whid\, aa groxips. 
are easily distinguishable from one another. The Chinese and [apane.se, 
for example, are at once recognizable as two members of a very large 
group the characters of which distinguishes it from all others> and this 
group has been called the Mongoloid race of man. The African type of 
man wherever he occurs has been called a member of the Negroid 
race, and the white wherever he occurs, has been called a member of 
the White or Caucasoid race. Australian aborigines are in turn dis¬ 
tinguishable from al! of these, and are therefore spoken of os members 
of the Australoid race. 

But wbat shall be said of the natives of New Guinea and the Solo* 
mons, of the whole region of Melanesia? Arc (hey not a race, the 
Melanesian race? And what of tho Javonese and the peoples of Malay¬ 
sia, are they not distinct races? How are the peoples of India to be 
described: the people of Ceylon; and Celebes? The American Indian? 
And what of the Irish, the Jews, and the Germans, are (hey all clossi* 
liable as races? 

These, and many others, are the questions which are asked of the 
anthropologist, end different anthropologists have had different answers 
to return to these questions. The answer will, of course, depend upon 
what is understood by the term '‘race,’* and upon this there has not 
been anything like unanimous agreement. This lack of agreement 
upon a common meaning for the term, and the utterly abject social 
and political misuses to which it has been put, has caused the term to 
fall into disrepute, and even to be altogether rejected by some scientists, 
so far as its application to man in the modem world is concerned. See 
Appendix C, pp. 697*991. 

The cold light of reason can nonetheless be brought successfully 
to bear upon even the most passionately discussed of subjects, and 
whatever the motives may have been of earlier students of the proh* 
lem of the variety of man. the physical anthropologist of today is 
ready to revalue his values and to do the best he can to unravel the 
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tangled skein which is the variety of man. In the prosecution of this 
task the more he has learned about the physical and mental differences 
existing between the ethnic groups of man the less and less distinct 
have they become. This in spite of the fact that differences have been 
sought rather than likenesses. 

While authorities have disagreed upon tlte meaning of the term 
"race" with reference tc mun, the layman has generally suffered from 
no such difficulty, For him "mce“ has in effect meant any foialgn 
group. For him a foreigner is a member of a different "race” either 
because of a difference in national origin, religion, language, apparel or 
appearance. The popular conception of "race" is an unfortunate myth. 

All serious definitions of race agree upon the following: 

(1) That the differences which characterize the groups so defined 
are conditioned by heredity. To ike extent that tjualUles ere oondi- 
Honed by the environment—nahiral or cuUtiral^thcy are not consid¬ 
ered racial or ethnic characters. 

(2) That mental characters are to a very largo extent conditioned 
by the social environment of the individual and therefore cannot be 
considered as ethnic characters. 

(3) That insofar as nationality is determined by tho eeddent of 
birth in a particular country, nationality has no necessary connection 
with ethnic group. Since language Is similarly determined, the same 
holds true for language. 

Thus, a person of Japanese parentage may be ao American by 
nationality and speak English only, whereas his parents ore Japanese 
by nationality and speak only Japanese. Ihe grandchildren may be 
born in different lands in whicl) they grow up ns nationals, and speak 
languages differing from those which their brothers, parents, and 
grandparents speak. 

Language and nationality ore not genetically determined and have 
no inherent relation whatever to the genetic factors which constitute 
the fundamentnl detemiinants in the development of the physical 
characters of man. Language is culturally determined, nationality is 
politically determined, membership in any major or ethnic group of 
mao is determined by heredity. In order to arrive at an objective, 
scientifically satisfactory dassificatioo of mankind into different ethnic 
groups it is clear that neither language, nor nationality, wiD help us, 
thou^ language may reveal past contact between gToups, We must 
approach the problem Instead through the study of the hereditary 
chorsicteristics of such groups. 
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The Criteria of Analysis and Classification 

There are many ways in which one may ask questions about tiie 
variety of man, and the kind of question asked will largely detennine 
the character of the answer returned. It htis frequently been the case 
that each student has devised his own definition of ‘'race* and has 
then attempted to classify the varieties of mankind according to the 
terms laid down in that definition. As T. H. Huxley remarked many 
years ago, **! speak of 'persistent modifications’ or "stocks’ rather than 
of Varieties’ or Vaces/ or ‘species,* because each of these last well- 
known terms Implies, on the part of its employer, a preconceived opin¬ 
ion touching one of these problems the solution of which 1$ the ultimate 
object of science: and in regard to which, therefore, ethnologists are 
especially bound to keep their minds open and their judgments freely 
balanced * (On tho Methods ontl Results of Ethnology, 1865.) We 
have had classiflcations by hair, pigmentation, head shape, eye-color, 
and combinations of some or all of these cliaracters, and a great many 
more. Some of these classifications have been bad. some have been 
better than others, but none has been scientifically satisfactory, in the 
sense of being able to provide us with really workable accounts of 
each group of mankind supposedly exhibiting the characters which 
distinguish them from each other. 

The reason for this is simple: kind of discontinuous, clear-cut 

differences which so many investigators have preconceivedly assumed 
to exist between the varieties of man were simply not to be found 
at the level at which they were looked for. Anyone can perceive cer¬ 
tain clearcut differences between a Negro and a white at a glance, but 
Negro and white are in a sense extreme types, in the sense, that is, of 
presenting "extreme* differences in pigmentation and hair form. Even 
so, white and black cease to be easily distinguishable where there 
has been some degree of admixture, so that in America, for example, 
many persons of Negro-white ancestry readily pass for white, In the 
latter case the problem would be to say just when a person ceased to 
be a Negro and become a white. And that precisely is one of the 
great difficulties which the anthropologist encounters when be attempts 
to refine his classifications to embrace all the varieties of man. The 
transitions between the latter are often Indelenninable. %Vhere one 
group leaves off and the other begins it is frequently impossible to 
say. As Darwin remarked in The Descent of Mon (1^1). “It may be 
doubted whether any chaiacter can be named which is distinctive of 
race and is constant." 
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Figure 166^-Contimied 

E: Daughters white husband and their daughter. F; Bushmnn mother* 
hybrid daughter arid granddaughter. G and Hi The granddaughter, (From 
Tobias. Ccpviteey* Men.) 
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Groups of mankind (bat are unique for all tl« characters we can 
examine do not exist. Hence, in the past the anthropologist selected a 
few distinctive characters by the use of which he attempted to delimit 
several large groups of mankind from one another. In a mixed popula¬ 
tion he claimed, by this means, to be able to distinguish the various 
races entering into Its composition, and in this way he often arbitrarily 
created races which in fact had no existence outside his method or 
his imagination. Such arbitretfily drawn lines between one group and 
anotW have in fact served to obscure the real truth, namely, that in 
nature no such line esisls, and that it is the systematist alone who 
introduces such divisions into nature. Were such arbitrary practices 
helpful in throwing some light upon the problem of the relationship 
of the varieties of man to one another, there might be some justifica¬ 
tion for continuing their use. But as they have been misused in the 
past they are distinctly not helpful. On the contrary, they have served 
Co obscure the problem and to delay its solution. This is not to say that 
attempted classifications of mankind are uadeslrable, iodeed, dtey ore 
desirable, but the aiteria used in their croation must be soundly based, 
and not arbitrarily selected, Unfortunately, such criteria have until 
recently been of the latter order rather than of the former, with tho 
result that great masses of measurements have been accumulated which 
gave us at best a rather unsatisfactory description of the groups to 
which they have reference, and tell us disoppointingly little cooceming 
either the origins or the relationships of the groups Involved. 

Racial classifications are intended to have (a) a pragmatic mean¬ 
ing, and (b) a biological basis, but it frequently happens that the two 
intentions clash. Tlie problem of the «ris#ence of ethnic groups is 
totally distinct from the problem of their daHmtiotion. It is one thing 
to know that such groups exist, it is quite another to be able to de¬ 
limit and define them. Lines between groups do not exist, but steep 
or flat places in geographic or character gradients do. The concept 
of character gradients refers to the fact that as one passes from place 
to place in a given direction, the physical characters of the inhabitants 
of the territories traversed change more or less gradually. Neighboring 
populations tend to resemble one anotlier more closely than do geo¬ 
graphically more remote ones. This Is the phenomenon of character 
gradients. Such populations are usually called clinea In animal biology. 
It must be the task of the physical anthropologist to recognize and 
study the significance of such gradients or clines in man. 

Until recent years, the anthropologist has been forced to rely upon 
the external characters of the body for his analysis and dassificatOTy 
purposes. This, prindpally, has been the reason for his failure to trace 
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tile relatioDships of the variclios of man to one anotlier, and what is 
more important, the mechaoism of these relationships* because exiemal 
characters (the phenotype) represent the expression of a large number 
of individually inherited patterns of genes (tlxe genotype) in interac¬ 
tion with tile environment Furthermore, taxonomic exercises In the 
classification of assemblages of phenotypical (external) characters 
do not lead to the clarification of their significanco for the simple ren* 
son that it is not assemblages of characters which undergo change as 
such in the development of the Individual and of the group, hut single 
units, the genes, wlUch, in interaction with the environment, determine 
those characters. This Is what the science of genetics has made irref- 
ragably clear. 

It is the inheritance of separate traits, and not aggregations of 
traits, which must be studied, because it is tlie genes or potentialltJes 
for the former and not the latter which are inherited, nidiougb link* 
ages and clusters of such traits may, and do, occur. 

Ttie materials of evolution are not represented by continuous, 
rigidly articulated determinants of particular aggregates of characters, 
but fay discontinuous packages of chemicals; eadi little packet inter* 
acting with the others as an Independent unit, being only partially 
responsible for the ultimate form of any character, since it is not bde* 
pendent b its action but is influenced by the presence of other similar 
packages of chemicals. These chemical packages are the genes, which 
are chemically best described as giant self^reproducing nucleo*protein 
molecules. 

It has been estimated that about 5,000 different genes outer ioto 
the makbg of the most popular of all experimental animals in the 
geneticist’s laboratory, the fruit fly (Drosophila mefanogos/er). Man 
has 23 pairs of chromosomes, almost six times as many as Drosophila. 
Allowing that this is an extrapolation it may be reasoned that if Droso- 
phila with four pairs of chromosomes has about 5,000 genes then it 
is possible than man has about 30,000 genes in the chromosomes of 
his sex cells. Spubler has arrived at a similar figure by another method 
and Evans roasons that there must be well over 5,000 genes, probably 
between 10* and 10'\ Elach of these genes retains both its independence 
and its individual character more or less indefinitely, although they 
are probably all inherently variable and, in time, capable of muta¬ 
tion. For these reasons any conception of the nature of human varla* 
tion which operates as if li^eritance were a matter of the transmission 
of gross aggregates of characters is erroneous and stultifying. It is 
potentialities, implying limits, which are inherited, not characters. 

The facts of human variability are best explained by genetic analy* 
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Figui« 167. Chromo8om«5 from the skih of a Ceucwoid newborn. (Courtesy, 

Dr. E. H. Y-Chu.} 

sis, since the fundamental units involved in producing that variability 
are the genes. 

Very briefly, in each individual (zygote) there are 46 diromo- 
somes or 23 pairs of clirotnosomes. One member of each of these 23 
pairs is derived from the mother and the other member from the 
father. When the reproductive or germ cells (gametes) are formed, 
the memben of each pair of parental chromosomes or genes separate 
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from each other so that each reproductive cell has one or the other 
member of each pair but not both. This is knomi as the principle of 
gametic purity or segregntion. At fcrlilusation the arrangement into 
gene pairs is restored. Pairs of genes located in different chromosomes 
assort independently of each other- Tlic genes doiived from the 
mother will not, however, tend to stay together, nor will those derived 
from the father, but each gene will be assorted indcpeodeatly of the 
other. This is the principle of Independent assortment. 

Each member (aUele) of a gene pair is spcciffcally similar to 
tlxe other, thus, for example, genes for eye color will always pair 
together, so will genes for nose shape, but an eye color gene and u 
nose shape gene will never pair, though they may occur In the same 
chromosome and may be transmltt&l together on the same thread 
in the whole or a part of a chromosome. When such genes are found 
in association they are spoken of as linlced genes. Linkage may be 
defined as the tendency for two or more genes to remain together 
without recombination. It is obvious that a very large number of 
genes must be linked. This linkage would definitely put a Umlt upon 
the number of possible variations which could occur were It not for 
the fact that the segments of similar chromosomes are capable of 
exchanging parts, a process known as crossing ooer, In this way 
genes that were originally situated on the maternal thiead in one 
chromosome may become atta^ied to the paternal thread of genes in 
another chromosome, in this way former linkage associations are 
broken up and new ones created. The limitation of genetic combine* 
dons which linkage brings aboxit is counteracted by the posribllitier 
of recombination through crossing over. Linkage and crossing over 
regulate the degree and amount of reassortment of genes. The facts 
of segregation and independent assortment together with the phe* 
nomcnon of crossing over should make it clear that In man. with his 
many thousands of genes, the number of gene combinations thus 
rendered possible is of a very large order indeed, f.e., at least 
and that, therefore, the genetic variability of man is likewise very 
great, (see p. 475). 

To this explanation of the fundamental mochanism of genetic 
variability must be added the fact that while the genes themselves 
remain stable, their expression will change according to the condl* 
tions under which they develop. That i$ to say, any character Is the 
product of interaction between the genetic makeup and the environ* 
ment, and not of the one or the other alone. 

Furthermore, in the course of time aay gene may undergo a per¬ 
manent structural change, thus giving rise to a new character or, 
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wbat is more usual, to some part of a new character, a new hereditary 
variation. Such a change is known as a mutation. A character may 
be defined as any structiue, function or trait of an organism. At one 
time it was considered that mutation was a rdaOvdy rare process 
taking the form of perceptible malor changes. Today, however, all 
those small variations which ocertr in tlie individual which are of a dis* 
continuous character, that is to say. which vary either in number 
(merisHc) or in presence or absence (qualitative), as opposed to 
normal continuous varinHon by degree of differerree (quantitative), 
are regarded as due to mutation and recombination. The mode of 
inheritance is exactly the same for discontinuous os for continuous 
variatioDi In the former a few genetic factors are involved, each pro¬ 
ducing a ma/or effect, in the latter many generic factors aw involved 
which produce small additive effects, in the shaping of a character. 
Modem students ore generally agreed that mutations and recombina¬ 
tions furnish the only source of new variation. 

Tlie formation of new species in lower animals is explained by 
the geneticist as being brouglit about by the gradual accumulation 
of mutations and the effects of recombinations until a certain thresh¬ 
old is passed which signifies the evolution of a new si>ecies. In man 
there is the additional factor, as a consequence of his migratory habits, 
of frequent hybridization, a factor which greatly contributes to the 
process of diversification. 

The variation due to recombination in living groups of mankind 
is so great that such “groups" can only be distinguished by statistical 
methods and in statistical terms. As Julian Huxley has put it, “In such 
groups the mean values for characters, though still us^ul, no longer 
have the same theoretical Importance. The range of variation of char¬ 
acters is of fnr greater practical unportance, as is also the range of 
qualitatively different recombination types. The two resultant race- 
concepts are fundamentally dissimilar.” 

In order to understand how the varieties of mankind came to 
possess such characters as they now exhibit, it should be obvious that 
making omelettes out of the very ingredients, the genes, which it is 
necessary to isolate and to map, will be of no assistance whatever. 
The frequencies with which such genes occur in different groups 
must be studied. 

If we arbitrarily recognize, say. forty genes as entering into the 
determination of the shape of the head, then it should be evident 
that measuring the shape of the head will tell us no more than what 
the shape of the head is. By such means we can never hope to learn 
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how the shape of any particuliir head or group of heads came to he 
as It now is, and Chat is the sigiiiScant point. But by experimental 
studies on lower animals, on the genetics of the inheritance of each 
bone and its relation to shape of the head, it may eventually be possible 
to transfer the knowledge thus gained to the analysis of the genetics 
of cephalic architecture in mun, Even so it will always remain true 
that craninmetric similarities by no means necessarily Indicate genetic 
affinity. 

Furthermore, the work of Boos on the descendants of immigrants 
into the United States, of Shapiro and Hulse on the descendants of 
Japanese in Hawaii, and of Dornfcldt on the descendants of Eastern 
European Jews in Berlin, has shown that the potentialities of head 
shape, os well as other characters of the body, can bo significantly 
modified by the environment. To put it more accurately, latent gene 
potentialities for head shape express themselves differently in dif* 
ferent environments. (See pp. 529437). 

Hence, if we are to trace the relationships of the varieties of man 
to one another, it is necessary that we rely on criteria widoh possess 
A more permanent character than the shifting sands of head shape. 
Such criteria should, as far os possible, be unequivocally obfectlve 
in character, as much as possible unaffected by environmental factors, 
and as little os possible subject to mututloiK Such characters are 
available in the blood groups, in the M'N in the Rh-Hr blood types, 
and in the hemoglobin and haptoglobin types of mao. 

The Landsteiner Blood Croups 0, A, B, and AB 

The genetic mechanism of the blood groups is now well under* 
stood, and their distribution throughout the world has been widely 
studied. The four priodpal blood groups of men are denoted by the 
letters 0, A, B and AB. Tliere are severoJ subgroups of A and AB to 
which reference will be made later (pp. 366*357). The four blood 
groups are determined by the fact that the red blood corpuscles 
(erythrocytes) contain two different antigens denoted by the letters 
A and B. An antigen is a substance which injected into the blood of 
on animal results, after some time, in the appearance of antibodies in 
its blood serum. The antibodies are known as agglutinins and the 
antigens which produce them are known as agglutinogens. TTie ag* 
glutinogens or blood group substances can be present either singly, as 
in blood group A and in blood group B, or together as in blood group 
AB, or be altogether absent as in blood group O. 

In the presence of the serum (or plasma) of certain other persons 
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TABLE X 

Th 8 AooLiTTiwoaKNB AKP AafltuTiKiNA Of Bloop Orocps 
O, A, B, AND AB 


Agghifilioiftii 
Bioed Croup (fn 


0 

A 

B 

Aft 


N’oiK 

A- 

-B 

A And B 


(In vrune] 


nritUA niul nu(i*B 
Afiti'B 
AntuA 
None 


AppfOrtmal* 

Priqu^ncii (%) 

Auionff CoufOAm- 

40 

40 

15 

6 


the agglutinogens, with the exception of blood group 0, cause the 
red blood corpuscles to form clusters or clumps, that Is, to agglutinate. 
The agglutlJiatioQ is produced by the two agglutinating substances, 
the agglutinins anti*A and and*B, which are found in the blood serum 
of some persons.* The blood plasma (or serum) is the medium in 
which Boat the red blood corpuscles containing the agglutinogens. 
Once die blood corpuscles are agglutinated, the agglutinins may then 
[vocoed to destroy (hemolyse) diem. 

If & person is of the same blood group as anodier with whose 
blood serum some of his own red blood corpuscles ore mixed the 
latter will remain evenly dispersed. This is due to the fact that mem¬ 
bers of the same blood group do not carry die antibodies which 
would agglutinate their own blood corpuscles, This is Illustrated in 
Table X. 

It should be dear on purely empirical grounds and from this 
Table, that the blood serum could not, and does not, normally carry 
substances which would cause its own red blood cells to agglutinate. 
It is therefore the rule (Landsteincr) that if an agglutinogen is 
absent from the red blood corpuscles of a person, then the corre¬ 
sponding agglutinin is present In the serum of that person. In blood 
transfusion it is important to avoid introducing blood containing 
agglutinogens that can react with agglutinins present in the serum 
of the recipient, otherwise the introduced blood will be destroyed or 
agglutinated, damaging the kidneys and even causing the death of 
* In confonnity wlih the Teccsinend&tfoQs ef the Committee on Medicolegal 
Prabims, regular type U used for symbols (or afighidoogens, pbenotypea, end 
blood group syatomsi boldtnco type is used for syuibob for aoBbodler aad the 
oorrerpopdiiig factors defined by them; and OaUa for symbols for genes and 
genotypee. The blood factors are the serological attributes by which agglutinogens 
are Ideotlfed, end. in general, each agglutioogeo has multiple blood factors which 
characterize it (lee p. 343). 
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tbe recipim(. It will readily be seen that the blood groups cao be de* 
Cermined by testing the unknown blood corpuscles wi^ anii-A and 
antl*B sera, or by allowing the unlojown serum to act on known cor¬ 
puscles of A and B. The manner in which this may be done is shown 
in Tables XI and XII. In Table XIII is shown the usual effect which 
follows upon adding a donor's blood corpuscles to a receiver's serum. 

In populations of S^iropean origin the commonest blood group is O. 
this occurs in about 40 per cent of the population. Since blood group 
0 contains no agglutinogens it was formerly given to receivers irre¬ 
spective of their blood groups; persons of blood group 0 were there¬ 
fore called ''universal donors." The B agglutinins of blood group O 
are diluted and neutralized in the recipient's body so that they are 
incapable of domaging the cells of the other blood groups. It 
happens, however, that some persons of bleed group O possess ag¬ 
glutinins of high titer; the use of their blood is therefore dangerous 
since the antibodies may react in spite of dilution. For this reason 
donors of the same blood group are. whenever possible, used. Since 
persons belonging to the least common blood group AB. about 5 per 
cent of the population, possess no agglutinins they were until very 
recently considered to bo capable of receiving the blood of any other 
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group, Rnd were therefore caHed "universnl recipients.” But the red 
blood corpuscles of such "universal recipients" were occasionally 
clumped by the introduced donor’s agglutinins, For these reasons the 
use of so-cfillcd "universal donors” and "universal recipients" is re¬ 
stricted today to special cases. Blood group A occurs in about 40 per 
cent of persons of European stock, and blood group B in from 10 to 
15 per cent. 

It Itas already been stated that the heredity of the blood groups 
is well understood. The hereditary characters of man, ns in ail animals 
and plants, are largely determined by genes. Genes, we have already 
seen, are the complex nucicoprotelns which are carried in the rod-llko 
structures which occur in the nuclei of cells, and these rod-llke struc¬ 
tures, tho chromosomes, occur In pairs. Each cluomosome generally 
carries hundreds of genes The essential messagc-canying molecule 
consists of deoxyribonucleic acid (DNA). Each gene in the chromo¬ 
some has a gene corresponding to It in the other member of the pair 
of chromosomes, at the corresponding position or locus. 

During the development of tho reproductive cells (sperm and 
ova) these pairs of chromosomes separate (reduction division or 
meiosCs) and each sperm or ovum (the gametes) contains only one of 
each kind of chromosome, thus forming an exception to the general 
rule that each cell contains a pair of each kind. When a sperm fertiliMs 
OD ovum, the maternal and paternal gametes contribute their chromo¬ 
somes to restore the arrangement by pairs. 'The genes contributed by 
the patents may be like or unlike, that is, the genes in one member 
of a pair of chromosomes may match or be unlike those in the opposite 
member of the pair. It is now known that the blood group to which a 
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TARMS XIV 
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person belong3 depends upon which pair out of six poui1)lc pairs of 
genes he lias inherited from liis parents, only one ptilr of which each 
parent himself can have possessed. Each of the genos In such a pair 
Is called an allele, and is designated by the itahdzod letters used for 
the agglutinogens, A, 6, and 0, Tlicre is only one gene on each 
chromosome for the agglutineble properties of the red corpuscles. 
There are, tlierefore, a total of two in each individual. The genetic 
constitution of human beings with regard to the blood groups is there* 
fore determined in the manner sluown in Table XIV. 

Genes A and B nre of equal expressive value and therefore the sub* 
stances which they determine occur together as recogniaable agglu* 
tinogens. 0 is masked by or recessive to A and B whl^ are ther^re 
dominant to it, so that 0 is not expressed in the presence of the 
alleles A or B. Thus, for a person to belong to group 0 both of the 
parents must have carried the gene, either in a homozygous condition, 
where both genes were alike, or in a heterozygous condition, where 
one gene in each parent was 0 and the other either A or B. In the 

TABLE XV 
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GroupA Group B 



Figure ies, Chromwome dlugrnm ihowing the tmmmistlon of the gejies in 
the mating of two persons, one of blood group A and the other of blood group 
B, ench being heterozygous for blood group O. 

fonner event, iJl the children would belong to blood group 0, as for 
example is the case among such South American Indian tribes as the 
Chulpie of Argentina, the Guarani of Paraguay, and the Onas, Yimanas, 
tod Alakalufs of Tlena del Fuego; in the latter event the offspring 
could belong to any one of the four blood groups. The mode of trans¬ 
mission of the genes In the latter case is illustrated in Figure 168. 
From these facts it will be seen that the blood group genes yield six 
genotypes and four phenotypes as shown in Table XY. 

By tracing the distributions of the genes for such traits as are 
exemplified by the blood groups in the different populations and 
varieties of man, the anthropologist can expect to discover precisely 
what the hereditary bases are of the differences and likenesses involved. 
By a simple mathematical procedure known as gene frequency analy¬ 
sis it is DOW possible to calculate the number or percentage of 
genes present in a given population for any character in that popula¬ 
tion the mode of inheritance of which is Imown, The term frequency 
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denotes the percvntage of a particiilai' gem* as <U*tc*rmined in n parti- 
cmIju* population. The frequencies of tlie genes A, B. >md O in ony 
population are conventional ly denoted by the letters p, q. and r respec¬ 
tively. Id any population, therefore, in which these genes oc'cur ieir 
sum should be equal to 100, thus p + 7 + r = iOO. The frequency 
of the A gene, denoted by the letter p is obtained by extracting the 
square root of the sum of tlie fre<iuencies of groups B and 0 and 
subtracting from 100. Tlie frequency of the gene S, denoted by the 
letter q. is obtained by extracting die square root of tlie sum of the 
frequencies of groups A and O and substracting the result from 100. 
Finally, the frequency of the 0 gene, denoted by the letter r, is ob¬ 
tained by subtracting from 100 the sum of the calculated frequencies 
of the A and 8 genes, or by talcing die square root of the frequency of 
group O. Other methods of computing diese gene frequencies are 
available but these need not concern vs here. 

Table XVI shows the kind of distribution of the blood groups 0, 
A, B, and AB, togedier with thoir gene frequencies, as encountered 
in human populations. The populations in this Table were selected on 
the basis of their edinic status alone. The distribution of the blood 
groups and their gene frequencies were omitted from consideration for 
the purposes of this Table, for it was desired to show in what relation* 
ships a number of populatloni selected at random would fall in respect 
of their blood groups. The populations were then arranged in order of 
the diminishing gene frequency, q, of blood group B. If the reader 
Nvill now carefully examine Table XVI he will discover something of 
the virtues of blood group gene frequency analysis and also something 
of its limilationi. 

It will be observed that there is a marked tendency for Asiatic 
Mongoloids to exhibit the highest frequencies of the gene q (8). On 
the other hand the lowest frequencies of 8 are encountered in the 
North and South American Indians and Eskimos. This is interesting, 
since on archeological and physical grounds the evidence is clear 
that the American Indians and the Eskimos are closely related. Were 
we to rely upon analyses of the four blood groups we should certainly 
not suspect a relationship between the Asiatic and the American 
Mongoloids. We find the latter very high in O, whereas Ihe former 
lend to be comparatively low is 0. The frequency of A, however, 
appears to be similar in both groups, moreover the subgroup A^ is 
absent in both. In short, in the present state of our knowledge we 
could not rely exclusively upon the four blood groups to prove rela¬ 
tionships between populations. However, in conjunction with other 
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sei‘ologic&] trails, and to some extent aJonc, they can bo used as indi¬ 
cators. For example, taken alone, the presence of the Congo Pygmies 
and Hottentols in the Asiatic Mongoloid group supports the belief of 
some anthropologists that the Hottentots hnvo some Mongoloid an* 
cestry, and raises a question in connection with the Pygmios. Inter* 
csdngly enough dre South African Bushmen wlio live cheek by jowl 
in the same territory os the Hottentots, and who ore physically 
scarcely to be distinguished from the latter, arc nevertheless very low 
in B. Questions are raised which suggest further researches which 
may ultimately lead to the answers. 

It will be seen from Table XVI that the Asiatic Mongoloids, the 
American Mongoloids, and the whites of various origins seem to 
form independent clusters on the basis of their blood groups and 
gene frequencies. There is, then, evidence here of a relative intra* 
group homogeneity, although clearly of & very variable kind. 

The hundreds of investigations which have been carried out on 
the blood groups of different populations are sufficient to convince 
us that by such means alone we shall never solve the problem of the 
composition and interrelations of such populations. In conjunction, 
however, with tho information derived from the distribution of the 
blood types M'N and Bh-Hr tho indications are that we liave in this 
method a most valuable, though admittedly partial, approach to the 
analysis of the problem of the variety of man. Tho type of informa¬ 
tion we may expect to secure by this means may be illustrated by the 
following examples. 

A colony of Hungarian gypsies were found by Vdrzar and 
Weszeezky to have A*B*0 blood group frequencies more like those 
of the Hindus of Northern India than those of the Hungarians. On 
checking tho history of this group on the basis of the structure of 
their language, a philologist discovered that the ancestors of this 
colony of gypsies had migrated from India some 500 or more years 
earlier. This cose underscores the fact that ethnic origins carmot be 
determined by the analysis of blood group frequencies alone, though 
such analysis can suggest them. Such indicated origins must generally 
be supported by appropriate additional data. 

The same investigators found that a colony of Germaas living in 
Hungary were characterized by A-B-0 blood group frequencies which 
more closely resembled those of the Germans of Heidelberg, from 
which their ancestors had migrated 200 years previously, than those 
of their fellow Hungarian citizens. 

in Woles it has recently been found that a signiBcant number of 



Figure 169. Distribution of blood group gene A in the aboriguial populations of the world. (FWn Mouraat. 

The ABO Biood Croupe, 19$$. Courtesy, C C Thomas.) 
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Figure 172. DiMnbutim oi Uood group gene A in Europe. (From Mourant. The ABO Blood 

GrOfjpe,195S. Courtesy,CCThomas.) 
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Figure 17$. Distributioa of Uood group gate R in Europe. (From Mounnt. Thg ASO Blood 

Croupe. 195$. Courtesy, C C Tboous.} 







Figure 174. Distribution blood group gene O in Eur(^>e. (Frooi MouranL The ABO Blood 

Croupg^ 1958. CoQitesy, C C TlMMoas.) 
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p^soiu bearing Welsh names made up a distincHvely differeot popu¬ 
lation in their blood group gene frequencies from those bearing 
English names. The north and south Welsh are different in regard 
to blood group fiequendes^ die former resmblfng the Scots and 
Irish, while the inhabitants of south Wales, even those bearing Welsh 
names, are almost as high in the frequencies of certain blood groups 
(A in particular) as the southern English, 

The popidation of New Zealand is mostly derived from English 
and Scottish immigrants. The blood groups of the non-Maori New 
Zealand population exhibit frequencies intermediate between those 
of the EngUsh and the Scots. On the other hand the mixed and the 
unmixed Maoris respectively show somewhat different froquencies. 

Candela has shown that there Is good reason to believe that 
blood group B was either introduced into Europe or augmented in 
that area between the $th and 15th centuries A.D. by the Asiatic 
annies which invaded Europe during the lapse of those ten centuries. 
This he has been able to show by combining the data of history, 
physical anthropology, and the analysis of the blood groups. Candela 
very properly points out that the results of his studies illustratfl the 
necessity of combining such data rather than to attempt to interpret 
the blood groups from their purely geographical distribution. This is. 
of course, not always possible, but in general, it should be obvious, 
that by means of genetic analyses such as are typified by the blood 
groups it would he possible to discover the composition of any 
apparently homogeneous populatioo, and to determine what were the 
proportions of the different blood groups that entered into its com¬ 
position. 

Methods are now available for the study of the effects of die 
mixture of different populations oo gene frequencies. But here again 
gene frequency astalysis while indicatiag relationships requires addi¬ 
tional supportative data if cooclusions of any value are to be drawn. 
For example, the distribution of Rh types among Puerto Ricans is 
suggestive of a Negrold-Caucasoid mixture. However, it is also Imown 
that American Indians have also contributed to tbe ancestry of the 
Puerto Ricans, as is methodologically confirmed by the presence 
among them of a high frequency of sboveTsbaped indsors—a Mon¬ 
goloid trait. 

If. as some students have suggested, mankind was origiaally 
characterized by a number of distinct populations, some of which 
were predominantly of blood group O, while others were predom¬ 
inantly of blood group A or B, it would fellow that the present 
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distribution of the blood groups resulted from hybridization suc¬ 
ceeded by varying intervals and degrees of isolation. The analysis of 
that distribution by the g&it frequency method, in GOQ|uncUon with 
other data, is obviously the method most capable of throwing some 
light on the history of (hat proce ss . More refined methods will un* 
doubtcdly become available in the future, but even now it is of inter¬ 
est to observe, and not without significance, that certain distinct pat¬ 
terns in blood group distribution can be recognized when the blood 
groups of different peoples are plotted on a map. (See Figures 169- 
174). 

Populations which at different times have received contributions 
to their common gene pool from other hybridizing populations can. 
at least speculatively, be more or less broken up into their blood 
group components V of gene frequestcy analyses, and thus, 
to a certain extent something of the biological chancter of the popu¬ 
lation can be conjectured. 

Since the blood groups of late prehistoric populations can in some 
instances and to a limited degree be ascertained by tests carried out 
on their skeletal or mummified remains,* it may in the future be¬ 
come possible to follow something of the biological and migratory 
history of such populatioos, and by this means possibly also some¬ 
thing of their origiru may be revealed. 

Blood Types M, N and MN 

The three blood types M. N, and MN are determined by a single 
pair of genes designated by the letters M and N. When a chromosome 
in which the gene M is located pairs with a chromosome containing 
gene M the resulting blood type is M. When a chromosome con¬ 
taining gene M pairs with a chromosome with the N gene the result¬ 
ing blood type is MN. When pairing is between chromosomes con¬ 
taining S genes at each of their corresponding lod the blood type is 
N. This is clearly e x press ed in Table XVIII. 

In man the so-called M and N agglutinogens only rarely have 
corresponding natural iso-agglutinaos, hence it is hardly ever necessary 
to take them into consideration in makiog transfusions. Tbe test sera 
are usually obtained from rabbits which have been infected with hu¬ 
man blood of types M and N, and which have as a result developed 
agglutinins against the agglutinogens. 

The M and N genes are without dceninance. Since they are quite 

* Other b l ood fvtois, lOie M, N, aad Rh. have this hr aot been dete r m i ned 
eucee&sfuUy oa skeletal cr mummified ronaiBS. 
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independent Id tlielr fnberit&nee of all other blood groups snd types, 
their distribution in human populations 1$ anthropologically of con¬ 
siderable interest. Something of this distribution is shown in Table 
XIX. 

Table XIX has been arranged in order of decreosiog occurrence of 
blood type N. From this Table It will be seen that tlie first five popula¬ 
tions, the Papuans, Australian aborigines, Fi|ians, Indonesians, and the 
Ainu show on excess of N over M, unlike the remaining twenty popula¬ 
tions in which M is always more frequent than M. It is Interesting to 
find tlie Australian aborigines end the Ainu agreeing in their higl) 
frequency of N in view of their long suspected relationship on physical 
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TABLE XX 
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grounds, uid it is equstUy interesting to find the Pepueos essodAted 
in this respect with the AustnlUsis. The Flflsns and ^ Indonesians 
might have been predicted to have falien together in respect ol 
the percentage of N*. The percentage o£ all three blood types are 
strikingly similar in the American Negroes and in the Congo ?ygmies> 
but as a combined group these do not significantly differ from the dis* 
tribution found in other populations. Thus, in Western Europeans, 
American whiles, American Negroes. Congo Pygmies, Chinese, smd 
Japanese, and proportions of the three types are roughly 29 per cent 

M, 21 per cent N, and 50 per cent MN. 

While, on the whole, the Asiatic Mongoloids tend to be relatively 
high in N, the AmeKcan Mongoloids are exceptionally bw in that 
blood type. 

The MNSs Blood Group System 

In 1947, an S blood factor was discovered which was soon shown 
by Sanger and Race to be related to the M and N agglutinogeas, with 
phenotypes and genotypes as shown in Table XX. There are two 
possible ways in which the MKSs blood system is controlled, one is by 
four allelic genes. MS, Mr, NS, and Nr. where S is regarded as a muta* 
tion in the M and N genes, rendering the red corpuscles agglutinable 
by anti'S serum, the other where 5 and r are alleles linked with the 
M and N genes. Upon the latter hypothesis, two bci on a single chromo* 
some appear to be involved, with one locus occupied either by M or 

N, and the other either by S or r. M, N, S, and s determine correspond' 
ing antigens. The test sera anti-M. anti-N, anti-S, and anti-s render 
possible the recognition of the distrU)ution of d)e four genes in human 
populations with compaiative ease. A sampling of the distribution of 
MNSs phenotypes in different human populations is shown in Table 
XXI. 
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The Rh*Hr Blood Typos 

Even more valuable than the blood firoups and the M‘N blood 
types in the genetic investigation of mankind aie the Bh-Hr blood 
types. 

Witen the blood of a rhesus monkey is injected into rabtdu or 
guinea pigs a serum is obtained wliich bus the property irf agglutinat* 
ing the blood of approximately 85 per cent of white persons, quite 
independently of the blood groups and M-N blood types to which they 
may belong. Such persons possess an agghitinable factor of some 
complexity on the surface of their red blood corpuscles, and this (from 
the first two letters of tl^ name of the rhesus monkey, in which it was 
discovered in 1937 by Landsteiner and Wiener) 1$ now called the Bh 
factor. Persons possessing this factor are said to be Rb-positive, per¬ 
sons lacking it are said to be Bh-negative. We now knmv that there aro 
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throe principal Rh-faetors» the original Rh„ which is by far the most 
powerful onrigenically and dmicafly most importaDt, and rh'> and rh’. 
Type rh blood Wcka all three factors so that it caa therefore be safely 
used in cases of intragroup incompatibility due to Rh factors. 

The three elementary factors or antigens Rh,, rh', and rh% have 
three theoretically possible contrasting factors designated Hr^, hr" and 
hr'.* Every blood, with rare excepUons, possesses either an Rh factor 
or on Hr factor or both, derived bom the pairs of contrasting factors 
rh'^hr', and rh'*hr'. Tbs Hr factors are less antigenic (that is, less 
capable of stimulating the formation of specific reactirtg substances) 
thw the Rh factors. The three elementary Rh factors, it is now known, 
(together with the Hr factors hr’ and hr’) determine 6 agglutinogens, 
as shown in the following diagram: 


AgglutiAOgens 



At first there were believed to be five Rh agglutinogens together 
with the blood type possessing no Rh agglutinogens, the rh 
type, determined by six major allehc genes designated A*, A*, A*V 
r', r' and r. Since every person has but one pair of Rh genes, one 
derived from the maternal pair and tire other from the patemal pair, 
the possible ways in which these six genes can be combined in pairs 
are fit. In other words, 21 genotypes are possible which express them¬ 
selves in eight Rh blood types or pheuotypes. The Rh type of the 
individual is therefore the expression ctf his genotype determined by a 
single pair of genes, each allele or member of tire pair being derived 
from the opposite parent The 21 possible genotypes (not all of which 

^Actually s«n riring dv e xp e cted reactions for tM-ha' tnd aoti-hr' have 
been fotuid, but oot for «i)d*Br«. Instead of aoti-Hr. a related anti-Mrujn, tnd-hr 
has been feuod, tad reeally the sysbol aoti-Hr* has been applied to a serum 
reactinc with almttt all ^od eeib except la l&divfduak iKmcer^s for so-caJled 
super Rh gei>es. 
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are at present sorologically recognizable) tlie eight Rh blood 
types are shown in Tabic XXII. 

In reabty there are probably more than a dozen Rh genes. To the 
sU principal allelic Rh genes wliich have been referred to above four 
recently discovered additional Rh genes mxist be added. Tliese are 
the genes r* fi'", and r'* making a total of ten completely identified 
Rh genes, written in italics, as follows: r, i', /*, r*, r*, R\ R*, R'** 
and R*. Tlie first five genes belong to the Bh«negative set of the gene rh, 
and the last five genes to the Rh>poslHve set of gene R^. Eacli gene 
determines a corresponding agglutinogen. Tl)e agglutinogen molecule 
is characterized by specific properties which determine tire specific 
oomhinotion of an antigen with its corresponding antibodies—it is 
these properties of the agglutinogen molectile that constitute the blood 
factors, and eacli agglutinogen has properties for many blood factors. 
For these reasons it is desirable to distinguish between agglutinogens 
and their serologic attributes, the Hlood factors. Hence, tho symbols 
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for genes Are customurily printed in i<47Ucf, while the symbols for 
nntibodjes and their corresponding blood factors are printed in bold* 
face type. For example^ as may be perceived from Table XXIU gene 
r gives rise to agglutioogen rfa, which is characterised hy the blood 
factors, hr', hr* hr, and Hr^ and so on throughout the Table XX3II. 
Further serving to maintain die distinctiott between gesies and agglu¬ 
tinogens, the latter are printed in regular type, the of ^besus^ is 
retained and superscripts and subscripts used, as follows: rh, rb\ 
rh'*, and rh*, rh,, Rf^, Rh, Bfv Wi,* tea Rh genes 

the number of theoretical Rh genotypes is increased to 55 with 26 
corresponding serologicaity distinguishabk phenotypes. ITiese are 
shown in Table XXIV. Of (he four recently discovered genes, f*, r'*, 
and R* are extremely rare in whites, t* being so rare &at there is prac¬ 
tically no data on it at all, tbou^ the suspidon Is that it may occur 
less rarely in Mongoloids, while R* is known to occur in 3 to 6 per 
cent of Asiatics, American Indians, and Australian aborigines. 

Tbe distribution of the Rb types in buman groups promises to 
be anthropologically more enlightening than that of any other sero* 
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THE Rh-HrPHENOTYPES AND GENOTYPES 

(FroED Wwoer & Wexkr. /ler^dUy of Crmf, Owiefy. Orune & Stntton) 
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logical trait Something of tliis distribution in samples of various 
populations may be seen from Table XXV. 

It will be observed from Table XXV that t>'pc rh is absent or virtu¬ 
ally so from tire blood of all groups with known Mongoloid traits. It 
will also be observed that there is virtually complete absence of the 
type rh in the Australian aborigines and in the Papuans of New Guinea. 
Furthermore, that while the distribution of the 8 Bh types in the 
Australian aborigines roughly resembles that seen in the Mongoloids, 
with the ewjeptlon of a complete ebsence of type rb the pattern even 
more closely resembles that seen in whites. This pattern is very differ* 
ent in die Papuans. The Mongoloid plus Caucasoid character of the 
Bh blood types in the Australian aborigines is extremely interesting for 
the reason that the latter have usually been classified with the Archaic 
Caucasoid stock which is of more or less remote Asiatic origin. In the 
character of their Rh hlood types the Australlau aborigines may there* 
fore be exhibiting the evidences of a relationship with stocks of 
Mongoloid character on the one hand and Caucasoid character on the 
other. The fact that the Australian aborigines are very low while 
Negroids are very high in BIiq contraindicates a Negroid component 
in the ancestry of the Australian aborigines. These brief remarks should 
serve to Indicate the manner in which analysis of the blood types may 
be utilized in anthropological studies. Already this type of analysis lias 
served to indicate remote rmd unsuspected possible relationships among 
liuman ethnic groups, and to confirm some which have been suspected 
on other grounds. 

The Bh blood types promise to be amoog the most useful genetic 
traits in the study of the biological relulioosliips of human groups, but 
it is only in combination with the analysis of many other gonetically 
conditioned trails, and by an analysis of each of these traits in relation 
to the others that these types will have their greatest value. 

R. A. Fisher originally proposed the theory that the rhesus blood 
types are controlled by three genes, D, C, E, with their alleles d, c, e. 
A single chromosome can carry either a D or a d gene but not both, 
hence tliere are three possible genotypes DD, Dd, and dd, and the 
same is. of course, true for the C and E genes and their alleles. Under 
this nomenclature an individual who is Rh positive possesses one or 
two D genes which control the presence of the D anKgen. An Rh 
negative individual does not possess a D gene. The D is by far the 
most frequently present antigen and producer of its corresponding 
antibody. 

Fisher postulated that the genes controlling the Rlx aotigens were 
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all closely sitiuted togelher on the same chromosome, C on the one 

cl>romosotne and e on the hoinoIogo,» chromosome. Hence, durini! 

the reduction divteion it is unlikely that these genes will b^o 
widely separated from one another on ead> chromosono, and 
hi^y likely they will reappear in close rebtion to one <mo4er. 
change of chromosome material during the reduction division^ 
tween hemologous chromosomes, called e««.fttg-oo^ has not ^n 
observed to occur, a fact which rendem the FUher throe-gene h^- 
thesis somewhat dubious- Additional .Item.ti« rnitigens of those 
already known, rod. os C* and D* arc cm^dered to be ^ 

ring at the C and D loci. If the Rh blood group are coatoll^ by 

three genes segregating logetl«r. thro thesis a^^C. O'^ 

£. «, (omitting from consideration the rare alleles C md D ) result 
in 8 different combiwittow or chtomo$on>ts, « Ustrt below. 

According to this theory the cWW inheriB the 
thrffe*gene comblnttion from eadi perent, so that u 
the genotype of one parent is CDE/cdc. then the 
child receives either CDE or ede from that parent, 

Since two chromosomes carrying Bh genes are present 

In every body cell (the dipWd number of chromo- ^ 

somes) this means that the 8 different ombinattons r-- CdB 

can yield 36 different Rh geootypes. the addition of ^ -e Pe 
the olleles C- and !>• make possible ten more combina- « 

lions of whkh only five have been detentiined, namely - ^jyg 

C*De. C-de, CD*e, and cD^, making a total 

of 13 and yielding 91 genotypes. 

The number of ways in which n things can be 
selected m pairs is derived from die formula: 


V (n + i). 

Wiener has pointed o\it that tiie distribution of the Rh (rhesus 
positive) and rh (rhesus negative) genes can best be accouaWd for 
on die hypothesis that, at least during poriglacial times, ethnic mix¬ 
ture must have been the most important factor influendog the pattern 
of chat distribution. ^ ^ ,, , 

In addition to the A-B-0 and Rh systems a munber of other blood 
groups have been discovered which are now to be described. 
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The F Blood Croups 

The P blood groups were discovered by Landslelner and 1-eviiic 
in 1927. Individuals having the P agglutinogen on their red blood 
corpuscles are called P-positlve and those lacking it arc known as 
P-negativB. This addlttooal property of the blood is due to a pair of 
allelic gene® P and p situated at a single locus on the chromosome 
Individuals wilh one or two F genes arc P-positive, wlUJe fliose with 
pp are P*negetive. The P factor is inherited as a simple dominant 

In 1951 Levine and his eo*workcrs found an antibody. anli-Tj* 
which reacted with the red cells of 3000 random group O individuals, 
but not the cells of the donor herself or of three of her offspring, Sanger 
subsequently found that tire Tj'^ factor is part of the P blood group 
system, when 15 Tj(a—) Individimls from 9 families were nil found 
to be P-negative. When anti-Tj'^ serum was absorbed with P-negalive 
blood until it ceased to react with the absorbing blood, there remained 
in the scrum an antibody fraction that gave reactions corresponding 
to antl*P» Instead, then, of a pair of genes the F system is best a^ 
counted for by the postulation of three aUelic genes F‘, F’, and p at 
the P locus. The P* gene determines the agglutinogen previously called 
P, which besides factor P also has factor TJ*; gene P* determines the 
P*negativo agglutinogen having factor Tj\ and gene p determines the 
agglutinogen Tj(a—). The genetic facts are set out in Table XXVI. 

The P factor occurs with a frequency of 98 per cent in Negroids, 
80 per cent in Caucasoids, and about 30 per cent among Chinese and 
Japanese. In Table XXVII a sampling of populations among which 
the frequency of the P factor has been determined is given in order 
to show the kind of variation encountered. 

The Kell Blood Groups 

The Kell blood groups were discovered independently by Coombs, 

TABbK XXVI 

Tns P Bvht&m up (iVNUA AHa Blood Gaoui^ 
fJmft VsrWd From PflrwU aenctyjK Fffctora 



P‘ 

FF) 


F* 

F 

FF 

P. Tj* 

F 

P 

Fpj 

1 

pi 

F 

FF) 

, Tf 

pi 

P 

Fpj 


P 

P 

PP 

Yortf hntnpn U> dn\« 




356 INTRODUCTION TO PHYSICAL ANTHROPOLOGY 

TABLE XXVII 
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Moxirant and Race in 1946, and by Wieoor utd Cordon in 1947. Tliey 
ore deiermined by a pair of oUalic genes K and k, each of whidi gives 
rise Co a particular aggluCinogen. The genotypes are therefore KK» 
fClc, and iOe. The lCeH*positive type (KK. Kib) occurs in about 7 per 
cent of Caucasoids, and the EelUoegaCive (Uc) in about 93 per cent. 

In 1949 Levine and his co-workers discovered a second antibody 
which clumped (he blood cells of most K-negative individuals, that is 
to say, those carrying the k gene tbe allele of K. Originally designated 
anti-Cellano (after the patient) this antibody is now c^led anti-k. 
Gene k causes the formation of (he additional agglutinogen k which 
is detectable in both the homozygote and tbe heterozygote, as seen 
in Table XXVIII. This fact, therefore, renders it possible by tbe use of 
the anti-k serum to separate tbe homozygous from the heterozygous 
sections of the KeQ-posiCive population. Something of tbe distribu- 
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tion of tlie Kell blood groups among t1>e etlmic groups of irinn may be 
gathered from Table XXTX. 

A tliird gene in the Kell series V*. allelic to K and Jc. discovered by 
Allen and Lewis in 1957, gives rise to the blood factor Kp". When 
Fudenberg, In 1956> tested red cells of a Kelbnegotive man with unii- 
Kp* serum he obtained an exceptionally strong reaction, such ns one 
would expect from individuals of genotype hence the resulting 
blood factor is assigned the symbol Kp*. Allen and Lewis have sug* 
gestad that with the four antisera ant(*K, anti-k, onti-Kp' and anti* 
Kp*» some ten genotypes and 9 phenotypes are theoretically possible. 
However this may be there is at tho present time convincing evidence 
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TABLR XXX 
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r<Wrd 

UU+) 

U(a-) 

AMBtic Jnduutf 

I>hn)ajtBa (*iit2Hi^ 1U52 


0.00 

100.00 

MiJ*ran Nffritc* 

Ahnn#i»»*l 

IVtluinASovtbieU 

^Brlta 

0.00 

100.00 

Poluun A Smith IMS 


0.00 

100.00 

AuitriUan ftborieiiWB 

&aa^<v«<. lUl 


0.00 

100.00 

N*vO\ui^ 



0.00 

100.00 

Kikinua 

ChowB A Uww 1953 

26 

0.00 

100.00 

Blood ladioM 

<‘%cNrB A l^ia 1053 

07 

0.00 

100.00 

RmlUui ledujd 

Paatin A Junqurira 1053 

73j 

16.a 

86.66 

DlMucOo IndUna (CoBl.) 
BuiLbob 

Paatm AKalimalOU 

6S 

; 8 <6 

96.66 

ZoQtandjk l«l 
Bha£^0S3 

:06 

0.00 

100.00 

BoxUib. South Afrka 

305 

6.37 

94.68 

WoA Afheon NtfroM 

Barotfol A lA»Ur 1963 

114 

7.02 

1 92.98 

Somalia 

GolteBthlOaM 


8.M 

1 91.42 

Italiaaa <P«rrara) 

Nenrecian Lepon 

CoppeU»il9S3 

1 379 

188 

8.04 

4.87 

96.06 
96 68 

Dutch 

Van teHoUotf 01.1961 

Ml 

6.34 

93.16 

Danet 

Mohr 1961 


9.00 

90.91 


IkioAoL 1963 


e.oo 

91.91 

Tktenol. 1063 


0.86 

99.14 

A«vUi«h 

Ikioriol. 1063 

637 1 

6.60 

94.60 

Iriah (NorUwm IrvUnd) 

lkiAeol.1063 

106 1 

8.49 

91.61 

Walaora, SritjprIancI 

lkiBAol.1067 

T6 

6 OO 

96.00 

Urrfk* 

IKiBrford 1963 

36 ' 

3.78 

97.33 


for only 3 alleles. X» ^ aad Je* which can only yield 6 genotypes. Tlie 
conditions appear to be as set out in Table (Recently» how< 

ever, Cliown has obtained evidence for a blood type lacking all four 
fuctorSi K, k, Kp*, and Kp\ presumably detennined by a special 
gene K*',) 

The Lutheran Blood Groups 

The Lutheran blood groups were discovered by Callender and Race 
In 1946. The Lutheran blood groups are deienruoed by a pair of 
allelic genes Lu* and the btter being domioaot, and each gene 
determining the corresponding blood foctor Lu* and Lu^. The three 
possible genotypes are Lu*Lu*, LtfLx^. Something of the 

distribution of the Lutheran blood groups among the ethnic groups of 
man is shown in Table XXXI. As will be perceived from this Table the 
distribution of the Lutheran blood groups is of scane interest, for while 
the Lutheran positive (Lu*) gene is not frequent in any population, 
the difierences in its frequency as between some populations is not 
without significance. For example, southern Asiatic Indians do i^t 
seem to possess the gene at all, nor do the aborigines of Australia or 
New Guinea or the Elsldmos. Among Europeans it ranges from 3 to 5 
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p«r cCQC, among Africans from zero to about 9 per cent, Among 
American Indians it is either absent or very low, but among Braziliun 
Indians die gene frequency for has l>oen reported as l)igh os 8,6 
per cent. 


The Duffy Biood Groups 

The Duffy blood groups were discovered by Culbusli, MolHson and 
Parkin in 1050. Tliis blood system is determined by u pair of allelic 
gene$ and the dominant gene l>eing Fy*\ each determining 
the corresponding blood factor Fy ‘ and Fy''. Tlic three possible geno* 
types are Pt/Fy*', Fy*Py'‘, and Tlie first two of these geno¬ 

types giving rise to the phenotype Fy(a+), and (he third to the 
phenotype Fy( n—). A sampling of the ethnic distrllnation of the Duffy 
blood groups is given in Table XXXI. Tlic frequency of tlie gene 

TABIJi XXM 


Tits DraniauTtOH o? Tiits Durrr Dioou Ciouvj'A Souk IhruAN PorirtMMtONn 
Twtbu Wmt Amti-Fv* 





1 /‘iifniil\fpei $r. 

PopitlaHtn 

hte<4iff0Ufr 

PyCa+) 

Py(iv-) 

AuatmUaii aborfrinv* 

tUmPKma rinl. 1064 

49 

100,00 

0.00 

Thtif.fianfkok 

Cook Ida., PvlynMla 

dinununarioi. 1064 

100 

100.00 

0.00 

Slmmonaefai. !U66 

264 

92.1 

7.00 

Maori! 

Slmnwnacf nf. IIIU 

68 

71.7 

28.80 

PoljTTMifana 

SI mntona ri nl. 1067 

118 

74.6 

26.40 

Papuani 

SImntnnaaf of. HUM 

262 

100.00 

01.00 

Naw Uriuln. W. Nakainai 

SinungiiarSnf, ItiM 

46 

100.00 

01.00 

Hav Britain. Bainhiat 

8>«niMlh ri oi. HIM 

22 

100.00 

00.00 

Na» Oulaaa Pyemir* 

Bimuletfof lOM 

$0 

100.00 

00.00 

Eaklmna 

Chuvn A I«<vU H 1 A 2 

7 

100 00 

00.00 

Blarkfnot TnriLana 

Ohovn A 106d 

39 

67 44 

2.66 

Cbiooawa Indiana. Uiimivcd 

Mataon A La’vIm 1063 

181 

08 14 

1.80 

Chionwa lnriiaM> V Indian 

Mataci> A Lovine 106$ 


99.9: 

7.08 

UhiDoawa liuiiAna < Indian 

Matavn A Lcvlaa 106A 


$1.6t 

18.46 

DiecuaAo Indiana CoJirornwi 

l^Ua A KaJlami 106$ 

68 

8V.6( 

10.34 

braaJian InJIora 

Purtln A Junqueira 

78 

00.0( 

100.00 

Baaui, Svutb Africa 

ShadmlOAO 

866 

11.7t 

ffi.22 

Buahmaa 

7.ogt«ndyk A fff. 1953 

106 

16.74 

84.26 

Amarican Nacroea 

Chinaaa, N.^. 

Millar Aai. 1061 

$00 

20 OC 

74.00 

MillerAoI. 1961 

]06 

99.02 

0.97 

Alnu-SapancM 

Aaiatia ladiiAa 

Rimniona Aol. 1963 

61 

98.04 

1.96 

CuU>uab A Molllaan 1050 

65 

92.73 

7.27 

EnglBb 

WaU 

Ikin<SffI. 1962 

Ikin If at 1962 

' 1166 
116 

66.6$ 
69.y 

34.48 

80.17 

Soottiah 

Ikina/dtlOdS 

627 

60.79 

y.2i 

Irlab (Koftham Ireland) 

lkinelaf.1962 

106 

65.09 

84.91 

NorwAtlaa I^nna 

AlliMne(0l,1962 

188 

96.72 

8.28 

Swedian L«pf« 

Alliaontfol. 1962 

TO 

SO.00 

20.00 

I>i»./ih 

Van derlleida riot 1051 

212 

62.91 

40.09 

Swiia Walaan 

lkio«fat]967 

76 

74.00 

26.00 

8iriaa 

Htaig 1962 

Caoo^ini 

627 

64.71 

36.29 

rtaliana fMilaal 

116 

66.06 

33.CM 
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TABI.K XXXll 

]>bsnsr^VTiO^ or tb* Kidb Hux* C»oi*w rK Hc>m*w IVafULAwows 


PejmUUien 




rk(a+) 

A (a-) 

Afri<an Siaro«l 

An)*n«»a NacroM 

8e*r^aki (Bemo) 

Eaklnua 

Indians (fit. Columbia) 

Bleed Indiana 

Blankroel iartiaiu 

Acnarieao wUiaa N.Y.C. 

ChlaMK.Y.O. 

IkioAMoonDtlMS 

RcsanlWrM«r«diW 

8w«eUBa*«faL196t 

OtenALeviaiaad 

Cbovn * lavU 1M3 

Oieva A l^wia 1U3 
CiMm A l^aia IMI 
ROMfiaUatai. IMS 

105 

805 

81 

7 

144 

104 

80 

7» 

108 

OS.84 
8S,7tt 
ICO.00 
100.00 
61.54 
08.8? 
87.18 
76.72 
63.48 

4.76 

7.31 

0.00 

0.00 

38.86 

7 78 
13.83 
38.98 
47.67 


ranges from zero among Brazilian Indians, to 6 to 14 per cent in 
Negroids, to a mean of about 50 per cent in Caucasoids and a range 
of between 40 and 70 per cent, and is highest in Mongoloids, in some 
Mongoloid popiiintions opproaching 100 per cent 

The Kidd Blood Croups 

Tho Kidd blood groups were first descnbed by Allen, Diamond and 
Niedzlela in 1951. This blood group system depends upon a pair oi 
allelic genes /fc* and each detennining a corresponding blood 
factor Jk* and Jk* and three genotypesThe frst 
two genotypes giving rise to the phenotype jk(a+), and the third 
to phenotype Jk(a-). As will be seen from Table XXXII showing 
the ethnic distribution of the Kidd blood groups, there are some 
anthropobgioally interesting differences, the gene for the Kidd posi¬ 
tive factor beitig present in lOO per cent of Sea Dyaks in Borneo, 
and similarly frequent in Eskimos, quite high in Negroids (70 to 
80 per cent), in slightly over 50 per cent of Caucasoids, in about 
30 per cent of Chinese, and in from 30 to more than 70 per cent in 
American Indians. 

The Lewis Blood Groups 

The Lewis blood groups were discovered by Mourant in 1948. The 
genetics of the Lewis blood groups at the present time is not entirely 
clear, and these blood ptmps would appear to be characterized by 
some unique features, chief among which is Ac fact that Ae agglutino¬ 
gen can only be demonstrated as present on Ae red blood corpuscles 
when boA parents transmit the geoc- In other words, the Lewis-positive 
factor appears to be inherited as a recessive. The pair of genes in* 
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volved, Lc* and Le* wc responsible for tlie porrespontling blood factors 
Le* and Le". 

In 1946 Grubb drew altentloo to tlio f^ct that individiinls who arc 
Lewis-positive Le(A+} arc non-secreloi's of the A-B*0 blood group 
substances in their saliva, whereas those individuals who were Lewis¬ 
negative Le(a—), with a few e\ceptions> were secretort of the A*B-0 
blood substances. Individuals who ure Lewis*positive and non-secret* 
ors of A*B*0 blood group substances do, however* secrete Le* blood 
group substance in their saliva, wl^ile the majority of those who are 
LewiS'Degative also secrete Le* blood group substance in tlieir saliva. 
It is of interest to note that cliemical studies reveal that the Lewis sub* 
stance is a mucopolysaccharide chemically almost indistinguishable 
from the A*B'0 substances. 

The heredity of the Le* factor parallels that of the sccretor/noii* 
secretor truit. For example, parents who are both l..e(a+) ^vonld both 
be non-secretors of the A*B*0 blood group substances, and wotild have 

TABLE XXXIII 


Ttts DurraiBUTiuN or thb Z.awia fiLOon Oku ora »< Homr Human Popci^ationk 
Sakpim Tmtku Wn ir AKTi*Lt* 





— 


PejndaHm 

Inmlifctor 

TvJtd 

U(a+) 

Ufa-) 

AwUvJUa abofifinra, South 
AuitnlUa abocVMi, Canua 
N Brttala. W, N^anai 

Bimmonaatnl. 1M4 

164 


02.70 

Hlmmoni r< aL 106? 

126 

100.(X 

00.00 

AmmoTM al oL 1066 

46 

ll.CN 

89.00 

Thole. BoniVok 

Cook Ida. 

gimmeea al al. 1964 

100 

23.CK 

77,00 

fllmmoai al al. 1966 

260 

17.a 

82.80 

MMrie.N.2. 

Bimmcnaalat 1966 

49 


71.00 

Kapiafee, PelynMla 
PetyrtMiani 

KedayaAi, Beraee 

MeltAaua, Borneo 

SirujnenaataZ i9M 
Simmona 6 Oravdon 1967 

20 

136 

m 

66.00 

86.50 

Simmon* A Oravdon 1962 

104 

18.21 

81.73 

fiimmeni A Gr^xioa 1962 
Ammon* A Oravdon 1961 

100 

HTWl’l 

8A.OO 

Javaneaa 

40 

VIiIh 

60.00 

ManhaJlMe 

Bimmonaatcl. 1962 

»vT»l 


74,10 

Palauan* 

8immnrw«cl. 1966 

169 

11.24 

88.76 

Trukeie 

Ammon* al ol. 1969 

112 

13.91 

86.61 

Kapiuae 

AinM«.t^anMA 

AmmonaAaC 1969 

44 

46.41 

64.66 

Ammon* it oL 1969 

a9S 

86.21 

64.79 

deuthern Chinene 

Simmona it ol. 1960 

71 


84.61 

Chanebu 

Amfflona atol. 1966 

M, 

9. It 

90.82 

Black feet I&diaai 

CbAwn A Lewie 1962 

30 

O.OI 

100.00 

Bleed Indiaoi 

Cbown A Lewie 1952 

241 

o.oc 

100.00 

OtAtnl*. Mavice 

MllUr^lQlfi 

$1 

9.A 

00.12 

M^eana, Mexico Citr 

Balawr Malian 1949 

J09 

u.w 

88.44 

EflCliab 

OrubbAMorvan 1949 

212 

22, n 

77.83 

Nonra^ana 

Braodemoen 1949 

266 

21.71 

78.26 

Dutch 

Van derHeidetfot. 1961 

164 

20.li 

79.88 

Polea 

Kelu* 1(01.1962 

900 


77.20 

ItaUani (Miltnl 

Oeppellioi 1962 
Ikm«dM967 

116 

18. 

81.86 

Pwiaa Walaen 

100 

^KVn 

116.00 

New Ouina* Pvrmiea 

Oravdon e(aL 1956 

llfi 

0.00 

100.00 
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children simnarly endowed, llat b, aU of whom xvould be Le(a+) 
and noa-secretors- Parents >vho are both U(a-), oo the other hand, 
have children who are Le(a+) as wcU as Le(a-), thus indicating 
that the factor Lc* behaves in inheritance as a recessive. This suggests 
that the gene Lc* is the same as or is related to the non-seaetor gene 
ae, and that gene Le^ is the same as the secrete gene Se. Something 
of tl» ethnic distribotioo of the Lewis trait is shown in Table XXXII [- 

The Diego Blood Group 

The Diego blood group waa discovered by l^ine and his co- 
workers in 1954. The Diego factor is apparently inherited as a simple 

T.VB1>: XXXIV 


DttWitmoM or m* Dfwio Bloo* Oaovr PHaaoTTriwc 
Of Rme Human Forvunom 




AuatmliM Aboricbw*^ C«at. 
Ausiraliaa Aboflfiwo. 

CapM Vprk 
IVilrntrliTit 
MaoHs 
CaM<—ol4i 
EMUm PapBMi 
N«v Britain 
MinbaUiMi Mimnana 
Hsdm Bay 

BaaDyab, (Ibaa) Ban«rak 
Und Draka. Sarawak 

Japaa«M 

ChiMM.Ctaton 

J»pae«Al 

BushmuxC. Kalahan 

Wamu, Wioikiaa. V«nr«iaru 

OuaJiroa Ziruma. V«nr«iwU 
Cmim, SudU Clara, 
VffMsurla 

Cari^ Caebavta, Vaorsaela 
Caribs, Bio Nofm. Varmurij 
Piarnaa Amasoa 
Guahkboa Amaaon 
Kaiaianj, Paraua, Bmsil 
Carala, MaU Greaae, Bnsil 

3 u«cbualndiaaa> Peni 
UeStMt Iwiiaaa 
ApaclM Indiana 
SuriiuuD Indiaiw 
Xterota, Gold Coaal 
X«cre«, Minnda, VigeniPli 
XtcroAOi Ytracuy, VcncMeli 
SafTMa, Canada 
Nacroca, Bnail 

GaoMipUi 

Inn 


iare< r >SiCar 


SinunonaHai. 1967 

SlmBonartai* lOAA 
BkmaMmtf a/. 1W7 

LatiaMmitai. IMS 

Lavtnaatat ISM 
aiiMiWt IM7 
Btiunenarroi. IMT 

--- 

Uvw«Sa(.lM6 
ColbeiiJMtfar.lMS 
ColbowattfaL IMS 
AnoASUjrbialMS 
ArawbSLayrfMlMS 
LawsafallM? 
WamrSIflUlaa^k IMO 
UUTwasrat 19 h 
L ajTtaartai. 1M6 

UyrteafaLlMS 
Lnyrtiaaalar. IMS 
Xuwa MoMrial IM7 
t^yrii A Aranda IMS 
t4iyriae4 Aivnda IBM 
JoDqoMraeSef. IMS 
jujMNtfatf oi. IMS 
Alien IMS 

Cbown (lAxriaa) IMS 
G arMowiu (l^yria a ) IMS 
Xij^aia (l«vriaaa) 19M 
Layriaa A Araodi IM7 
: LajHiaB A Aro^ 1M7 
Layrbaa d Araoda 1M7 
LmAW.igSS 
JutK|Brir*r<<i(. 1M7 
Stoni (lAjrriaa) IMS 
L^TiatoA Aranda 1M7 
Nuenbaia (Larrtee) IMS 


PJa 

rh0mHifpH% 

Tctfed 

Diia-f) 


IIS 

0.0 

100.0 

50 

0.0 

lOC.O 

SO 

0.0 

100.0 

92 

0.0 

100.0 

K',V,H 

0.0 

100.0 

23 

0.0 

100.0 

74 

0.0 

100.0 

129 

0.0 

100.0 

IM 

0.0 

ioo.o 

85 

0.0 

100.0 

SI 

4.9 

95.1 

S5 

12.S 

87.7 

100 

5.0 

95.0 

145 

S.3 

98.2 

114 

0.0 

100.0 

72 

0.0 

100.0 

152 

5.t 

94.7 

49 

14.3 

85,7 

121 

35.5 

M.5 

125 

85.S 

74.4 

24 

12.6 

67.5 

7S 

14.9 

66.5 

4S 

45.8 

54.1 

M 

M.l 

S3.9 

308 

24.0 

7S.0 

ee 

4.5 

M.5 

lOO 

2.0 

96.0 

73 

10.4 

63.S 

107 

0.0 

100.0 

160 

7.8 

92,7 

119 

3.4 

06.0 

35 

0.0 

100.0 

120 

0.0 

100.0 

27 

0.0 

100.0 

1400 

0.0 

100.0 

100 

0.0 

100.0 
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dominant Di, the allele being tii. AnthroLX>]ogicaliy the Diego factor 
is proving qiiite interesting, being extremely rare in Caucasoids, and 
having Seen foxind in frequencies from 2 tn 45 per cent in American 
Indians, in about 8 to 12 per cent of Japanese, in about 2,5 per cent of 
Chinese, and It is uncommon among itnmixed Negroids, Eskimos, and 
Polynesians (see Table XXXIV). 

Tlie Hunter and Henshaw Blood Groups 
The Hunter antigen Hti, was discovered by UindsCelner, Strutton 
and Chase in 1934. The Henshaw antigen He, was discovered by Ikin 
and Mourant in 1951. Tlie Hunter and Henshaw genes are closely 
linked with the MNSs system, but whether the gene* involved are 
alleles of one another or not is at present unknown. The Hunter anti* 
gen is found in about 7 per cent of American Negroes, 22 per cent 
of West African Negroes, and in 0.5 per cent of American Whites. 
The Hunter gene olmost invariably travels together with the N and 
Ns genes. The Henshaw gene in Papua is predominantly associated 
with Nt, in West Africa with Ns, in Congo Negroes with AfS, In 
Hottentots with MS, In Cape Coloured with Ms, in South African 
Bantus it is random in distribution with respoct to MNSs. and in 
Bornean See I>yaks it appears to travel with MS. The Henshaw an* 
tigeo occurs in 2.7 per cent of West Africans, In 2.1 per cent of 
Nigerians, in 4.3 per cent of Gold Coast Negroes, in 3.3 per cent Bush* 
man and Hottentots, and in about 7 per cent of Bornean Sea Dyaks. 

The Sutter Blood Group 

Ihe red-cell antigen Js‘ discovered by Giblett in 1958 belongs to 
the new blood group named by its discoverer after the patient (J.S.) 
the Sutter blood group. The Sutter blood group promises to bo of 
great value as an anthropological marker, since it has th\is far only 


TABI/E XX XIV.A 

DnmuB^Tiorr or ths Sirma Biooa Gaoup PHBNorrrw 
IK PoMfl Humaw Popuutiowb__ 



DU.. 


No. 

retted 



cm 




Ui 


American 

Saattla 

Oiblettia 58&1059 

1 440 


80.5 

Buahman, 

aKaJahah 

So. of Gliaasi 

Wiener SeZouLundyk 196 ^ 


m 

05.8 

Bushcoaa, 

C. Kalahari 

Al (ihinii 

Weiner «Z<»uC?tKlvk lil&M 


7.1 

iVS.'J 

Anierieaa WhH«a 

Seattle 

ClibkiHtlHSSAluAu 


0.0 1 

100.0 

Ptmiitno InHiav 

W. Veitetuciik 

l^vrMu A UvM 


2 ..'* 

5 l 7 ..'i 

OAaiir* TnHiATA 

W. VeneauflA 

T dvnatu* k t ^vrimit 1 nftll 


o.a 

. 6 

TnAiana 

W, VeaeauflA 

TdVfiM-A lAvnise l«ft 1 

136 

0.0 

ISJO.O 

Maeoita Indiana 

W, Veeauela 

IAVriai*' A T 1 

S 7 

0.0 

100.0 
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been found to occiu in Nogioes, and hence will be of service in the 
study of gene flow frcm Negroid into noo-Negrcrfd popuUtions. As 
will be seen from Table XXXIV-A itbas 6us far not been found in a 
single Caucasoid, but occurs in about per cent of Seattle Negroes- 
It has not been found in any Sooth American tribes thus far examin^, 
with the exception of those having a history of some Negro admix¬ 
ture, such as the Arawak tribes, the Paraujanao and the Goajlra. Un¬ 
published studies on Belgian Congo Negroids by Gihlett on eight 
different tribal samples of about 1<» each reveal a variability of Js* 
positives of from 5 to 26 per cent. Similar variabiUty in West African 
tribes seems also to exist. Such variability may be due to genetic 

A pair of allelic genes /s* and M ut probably Involved In the 
Sutter blood group, giving rise to three genotypes and two pbeoo- 
types, as follows; 

Qenot\fpei Phenotypes 

/l•/s‘ J*(a+) 

The Blood Genes as Genetic Indicators 

The comparatively suble nature of the blood genes renders them 
of great potential value in the tracing of ethnic relationships. It is, 
however, oot to be expected that it will be possible to solve anthro¬ 
pological problems with respect to ethnic relationships merely by 
turning to blood gene frequency tables, as one would tool; up the 
definition of a word in a dictionary or tha answer one is seeking in 
a table of bgarithms. This is partfr^ly wceth emphasixing in view 
of the fact that neither the evolutkmary nor the ethnic implications of 
the characters of the blood are quite clear. There can. however, no 
longer be much doubt that the serological traits of man are not adap¬ 
tively neutral, but tiiat they are in fact of some adaptive value. Evi¬ 
dence for this is skwly but surely emerging, and we shall deal with 
this on pp. 372>382. 

At the present time we casn see that evtain more or less distinct 
patterns exist in the distributi® of mao’s serological traits, and fur¬ 
thermore, that a fair amount of correlation exists between these blood 
frequency patterns and certain patterns of distribution of human 
populations. Thus far, however, no linkages between blood traits and 
anatomical traits b8>’e been discovered. Such linkages as have been 
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pstablishftd between blortd groups and otlicr trnil*, have Iwen limiteci 
to families and are not characteristic of p»)piiIations. One such family 
linkage was demonstrated by Renwick and Lawler in 1955- These 
workers found that in some families the nail-patella syndrome was 
associated with group B, while in others the dominant gene for this 
condition travelled with the O and A genes. This is quite an exciting 
discovery for it tells us that the gene for the normal development of 
nails and knee-caps is situated at (he same locus as the A*B*0 genes^ 
as is the abnormal nail-patella gene. The condition, sometimes called 
hereditary onycho-osteodysplasia. is one in which the finger nails and 
knee-caps are poorly developed or the latter may be absent, occa¬ 
sionally the elbows are dislocated, and the pelvic bones may have 
extra growths. In 1953 Chalmers and Lawler demonstrated linkage 
between elliptocytosis, that Is, oval instead of the normal circular 
disc type red corpuscles, and the Rh gene complex. In some families 
the gene for oval cells travelled on the same chromosome as in 
some with r and in others with R'. 

It has already been pointed out that the genetic mechanism gov¬ 
erning the inheritance of the blood traits is well understood, in con- 
troxt to the situation which prevails with regard to almost all other 
anthropological criteria, the inheritance of but a few of which is at 
best but imperfectly understood- In tl)e case of the serological traits 
a particular gene is responsible for a particular antigen in the red 
blood corpuscles, whereas In such traits as skin color, hair form, and 
the like, a number of genes arc involved. Furthermore, in respect of 
the genetic relations of populations to one another the serological 
genes are much more significant than those for cliscondnuously dis¬ 
tributed traits like skin cobr and heir form. 

Further, the blood trait genes can serve as ethno-serolcgical indi- 
Cflfora, much as radioactive sodium ions act as “tags” in biochemical 
researches, enabling the biochemist to identify the stages through 
which a chemical reaction passes, and the changes which occur in the 
substance under investigatioo. 

For this to be possible in etboo-serological studies it is necessary 
first to identify the source of the blood group factor which one pro¬ 
poses to use as an indicator. This is by no means an easy task in all 
Instances, in view of the sbufBing and reshuOling of populations which 
has occurred suic© the earliest times. However, It seems alinost cer¬ 
tain that all the B in Europe and in eastern Asia, as well es a little of 
the B in Southeastern Asia and the Pacific area, is derived from the 
brachycepholic central Asiatic Mongoliod pool exemplified by tl^e 
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Buriat type. Croup B in Indonesia Oik*^^***^ Madagascar), and in 
mosi cf Indo-China is attributable, on the other hand, to relatively 
late coIonizadoD from I nd i a. 

The account giwn io the preceding pages of the blood groups 
is accurate as for as it goes. Since 1910 it has been known that there 
are two sorts oi A blood, deagnsted A, and A^ with A, apparently 
dominant ove^ A^. It has been postulated that there are four rather 
than three genes involved, namely 0, A^, A^ and B, giving rise to 
10 genotypes and six phenotypes, as sho^ in Table XXXV. 

Subgroup A, is anthropologically of considerable interest, for 
from the many studies which have thus far been carried out on 
various populations this subgroup (see Table XXXVI) appears to be 
absent in the Australian aborgines, Papuans, all Mongoloids, and 
Polynesians. At the present time, omittisg from consideradoo the 
mixed American Negroes among whom both A| and Aj occur, A^ 
appears to be largely if not entirely hmited to whites European 
origin. 

In mixing with Mongoloids in eastern Asia the assumption is 
that some groups of the Archaic Caucasoid divisions acquir^ large 
amounts of group B. and corresponding portions of Mongoloid genes; 
such a group is represented by the Ainu. The Australian abori^es, 
on the other hand, are exceedingly low in B. and many coastal tribes 
are wholly Ucldag in it Possibly as a result of mixture with a 
Negroid stock they now possess somewhat greater aznoucts of O, 
together with greater amounts of melanin pigments in (he skin than 
the Asiatic Archaic Caucasoids. In addition to the striking difference 
in the frequencies of A« in the Caucasoid and die Archaic Caucasoid 
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major groups there is also a fundamental dUferenco between thorn in 
the frequency of the M-N blood types. It has already been seen that 
whereas in whites of Europoan origin the frequency of M i$ al^vays 
in excess of that of N. among the Australian aborigines M is scarce 
and N very high. In the Ainu also, the N factor is more frequent than 
in the rest of the world populations, but less so than in the Australian 
aborigines. This may be the result of admixture with carriers of 
Mongoloid genes or it may be the effect of their more markedly 
Caucasoid genotype. In being virtually 100 per cent Rh positive the 
Australian aborigines fall into the Mongoloid pattern, but not so, as 
we have already seen, with respect to their remaining Rh types which 
follow the Caucasoid pattern. 

This brief discussion will suSice to indicate the manner in which 
the genes for the blood groups and blood types may be used as Indi' 
cators. For it is obvious, for example, that if it is established that the 
central Asiatic Mongoloids were the source of European B, then we 
could use that information to estimate the extent to which the Mongo^ 
lolds have contributed to the genetic composition of a given popu¬ 
lation. 

In the example which has been dted, a close correlation has been 
demonstrated between the frequencies of the '^ew' blood group gene 
R and the proportions of the ''new" somatic (Mongoloid) genes. The 
latter, being for the most part genetically dominant, are easily dis¬ 
cernible in the resultant ethnic mixture. The presence of this close 
correlation makes us more confident in the application of the method 
to those otlier problems of ethnic mixture in which the somatic genes, 
being recessive, may have failed to leave a visible Impression on the 
phenotype. 

The new science of population genetics has already tluown con¬ 
siderable light upon those micro-evolutionary changes that constitute 
the evolutionary process. The studies of Class and his collaborators 
on the American Dunker religious isolate demonstrating the effects of 
genetic drift on blood group gene frequencies, and of Allison on sick¬ 
ling are but two outstanding examples of the work that is being done 
in this field. 

While the blood groups and blood types are not chemically quite 
the same in die apes and monkeys as they are in man, their distribu¬ 
tion in these non-human primates is of some assistance in helping us 
to understand the nature of the possible factors involved in the dis¬ 
tribution of the blood groups throughout the world as we find them 
at the present time. 
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While some species of monkeys possess I wo of the. blood group 
factors, there is a striking tendency for many other species to 
exhibit blit u single blood group, geiieruUy either A or B, This is 
not the case in the anthropoid apes. Tlius, die two mountain gorillas 
thus far tested belong to group A, the 13 lowland gorillas thus far 
tested to group B. Of the 133 chimpanzees tested, 117 ore A ood Ld 
are 0. Out of 24 orangs tested nine were A, 20 were B. and five AB. 
The 11 gibbons tested yielded two A, seven B, and two AB. 

Croup substances are absent from the red blood corpuscles of gor* 
lllas and monkeys, but are present in the tissues and secretions. Thus, 
a group A monkey has A in its saliva, but antl*B in its serum but no 
A on its ted blood corpuscles (Wiener, Candela end Goss). 

With the exception of 10 per cent of cliimpanzees group 0 is 
lacking in the apes. In man group 0 occurs in all populations in 
frequencies varying from 50 per cent to as high as 100 per cent ol 
the 0 gene. 

On the basis of these facts it could bo argued the stock from 
which man, in common with the great apes, was derived, possessed 
aU four blood groups, and that different genes suffered extinction in 
different isolates of apes and of early man *In such case the pattern 
of distribution of the blood groups in early man would have been 
the same or very similar to what it is among the anthropoid apes 
today. From this we would have to conclude that the present dis* 
trlbutioQ of the blood groups was, in man, brought about by Inter¬ 
mixture or hybridization. Furthermore, it could be argued that blood 
group 0 in man was originally of very low frequency, and probably 
limited to a few groups, being subsequently diffused through hybrid¬ 
ization. On the other hand it could be argued that these differences 
indicate that man is only remotely related to the anthropoid apes. 

The blood of all chimpanzees thus far tested contains agglutino¬ 
gens similar to but not identical with tlie human agglutinogens M 
and N. The orang-utan, the gibbon, and the catarrhine monkeys ex¬ 
hibit M agglutinogens of progressively more different lands. An M-like 
agglutinogen has been found in only one species of platyrrhine mon¬ 
key (Wiener and Landsteiner). 

It was at one time thought that all chimpanzees were Bh negative, 
since the first animals tested seemed to be so. But in 1953 Wiener et al, 
sliowed that in 4 chimpanzees which they tested in every case the 
Rb, factor was present, thus all 4 were Rh positive. Subsequently 
4 additional chimpanzees tested have been shown to be Rh positive. 
It is now reasonably certain that the first chimpanzees tested were 
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also Rh positive, for owing to the chemical differences the chimpanzee 
blood failed to react with the anti-rhesus guinea-pig serum used orig¬ 
inally. When, however, the chimpanzees celk are treated with pro¬ 
teolytic enzymes (ficin) and are tested with human anti-Rh^ serum 
they are strongly agglutinated. It is probable that all chimpanzees 
are Bh positive. Possessing, as they do, blood factors Rh, and hr, 
but not rh' and rh", they curiously most resemble In this respect the 
Negroid major group (Wiener). 

The indication gains strength that the Rh negative blood type 
constitutes a relatively recent mutation in man's biological history, 
appearing possibly in the upper paleolithic somewhere in western 
Europe. 



S The Basques wifh high Q ftrgkw B ^ WesUm €u/^cni 
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Figure 175. Blood groups of the Basque People. (From Chabners, Ikin, and 
Mouraot. Courtesy, Am. /. ?Uys. Anthtop^) 
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This suggei^tion has recently been rendered mere than plausible 
by the discoveiy that the linguUtic&lIy unique Basque people are 
characterized by an extraordinarily high frequency of the Kh-nega< 
tive gene. In a total of 250 Basques Etcheveiry (1947) found that 
35.6 per cent were Rh*negatlve. This is more than twice the highest 
percentage Iiitherto known for any human group. In a sample of 
353 Basques Chalmers and his co-workers (L949) found the percent¬ 
age to be 29.0 per cent. Later observations suggest that 26 per cent 
Is probobly nearer tlie true frequency for the Rh-negntive trait in 
the Basques. Tlie Basques as well as populations containing a large 
Basque element show a high frequency of group 0 persons. In this 
they resemble Icelanders, Scots, Irish, northern Welsli, and Sardinians. 
The Basques, however, ore unique among all the peoples of Europe 
in their very low frequency of group B. Such facts together with 
their extraordinarily high Kh*negative constitution suggest that the 
Basque.^ are a relict population which has remained Isolated from the 
general stream of western European admixture. 

It is of interest to mention here that In 194$ Boyd and Montagu 
by plotting the distribution of Bh gene frequencies on a small scale 
map, were led to conclude that the highest frequency of Rh-negatlve 
was to be found in the borderland region between northern Spain 
and southern France, in otiter words, the Basque country. Boyd and 
Montogu also concluded that it seemed probable that the Bh-negative 
gene orlginoted in a j>opulatlon in this general region. Mournnt 
(1947) and Etcheveiry (1947) Independently suggested that the 
Basques are the present-day representatives of a population from 
which the Rh negative gene in Europeans is derived. 

In 1956, Moor-Jankowski and Huser reported on the Rh fre¬ 
quencies, as weU os other serological and anthropological traits, char¬ 
acterizing isolated village populations of Switzerland. In these small 
populations, Isolated from one another by mountain barriers, even 
liigher frequencies of Bh-negetlv« were encountered than among the 
Basques. The details for the three populations showing the highest 
Rh*negBtive frequencies are as follows; 



Village 

No. 

Rh-Negattvfi t 

Eulern Wab«s 

Davos-Sertlg 

34 

QiA 

Eutom Wtbm 

WieMD 

ee 

345 

Wertem Walscn 

T«iuia 

36 

39.5 


It is of interest to note that the population showing the highest 
Bh*negative frequency is considered to be the most isolated. As 
among the Basques Moor-Jankowski found, among these isolated Swiss 
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populations, a lagh frequency of blood group 0 (508) and an ex¬ 
tremely low frequency of blood group B (5.38), the corresponding 
frequencies for the Basques being 54.7 per cent and 3.4 per cent. 

The similarity of the Basques and Walsers in these serological traits 
probably represents an example of the effects of the same genetic 
processes at work in wo different populations, rather than an example 
of the origin of these two populations from the same slock with similar 
frequencies of serological traits, This kind of parallel variation has 
almost certainly occurred again and again in widely separated popu¬ 
lations, and hence underscores the necessity of caution In interpreting 
gene frequency distributions for serological traits. 

The Secreting Factor 

The blood group factors may also be demonstrated in the saliva, 
gastric Juice, mucous secretions, and urine of some persons. Such 
persons are termed “secretors." Persons whose saliva or other body 
fluids are nearly free of these factors (in water soluble form) are 
termed •non-secretors.* The heredity of the secreting factor is simple, 
two genes being involved, one of which is dominant S, and the other 
is recessive s, thus giving rise to three genotypes (Table XXXVII). 

The secreting type occurs in 75 per cent of Berlin whites, 84.2 
per cent of New York whites, and 61.2 per cent of American Negroes. 

The simple heiedllary mechanism of the secreting factor and the 
ease with which it may be tested, renders it admirably suited to ethnic 
Studies. 

Sickling 

Another trail of the blood which is genetically of promising anthro¬ 
pological value is the tendency of the red blood corpuscles (erytliro- 
cytes) in some members of Negroid populations to assume a peculiar 
sickle shape when placed in an oxygen-deficient medium. A drop of 
blood of such an individual when sealed under a cover-slip on a slide 
with vaseline will, when observed under the miaoscope at varying 
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intervals up to tlireo days, show a high proportion of erythrocytes 
of bizarre oat, sickle, or holly leaf sliapes. This condition is known 
as sickling or the sickle cell trait. In American Negroes sickling 
occurs in frequencies ranging from 4,3 to 15.0 per cent, with a mean 
of about 8.0 per cent. In about 1 out of 40 of those individuals whose 
cells are capable of sickling, severe chronic anemia develops as ft 
result of excessive destniction of their erythrocytes. Tliis condition is 
known as sickle cell anetnk. In July 1949 Neel showed that the geoe 
responsible for sickling is carried in heterozygous condition in indi¬ 
viduals showing the sickle cell trnit, and in homozygous condition In 
those with sickle cell anemia. In November 1949 Pauling and his co- 
workers corroborated this discovery by showing that normal and sickle 
cell anemia hemoglobin exist in roughly equal proportions In sickle trait 
hemoglobin preparations, The gene responsible for sickling is iden¬ 
tifiable with one of an alternative pair of alleles (allelic genes are situ¬ 
ated at corresponding loci In a pair of chromosomes), fts Hb^ and 
Hh^, where is the gene controlling the normal hemoglobin mole¬ 
cule A, and Is the gene controlling the deficient hemoglobin 
molecule S of sickle cell anemia. In normal unaffected persons there 
is a complete absence of the deficient gone Hh^ and two doses of the 
normal allele is present, as In sickle cell anemia the somatic 

cells carry two doses of the sickle cell gene, as and show a 

complete absence of the normal gene. In tho heterozygous state 
there is a 40 per cent deficiency in tho hemoglobin, the 60 
per cent normal hemo^obln being sufficient to protect most hetero- 
zygotes Bgninrt a full expression of sickle cell anemia, The sickling 
gene is therefore seen to hehave as a dominant, which in the hetero¬ 
zygous condition may not produce more than a mild anemia, but In 
the homozygous state produces full-fledged sickle cell anemia. 

The immediate cause of the sickling phenomenon and of the hemo¬ 
lysis of sickle cell anemia Is the replacement of part or all of the 
normal hemogbbin of the red blood corpuscles by a form of hemo¬ 
globin which, to the reduced stale, has a very low solubility and 
crystallizes inside the cell and results In ils breakdown. The sickle-cell 
trait carrier (who Is usually heterozygous) has less than half of this 
abnomal kind of hemoglobin S, while most of the sickle-cell enemies, 
who are usually homozygotes, have nearly 100 per cent of it. usually 
with some of the fetal type (F) of hemoglobin as well. The conditions 
are as set out at the head of the next page. 

In the present volume the term sickie-trait cfirrier is used to de¬ 
scribe the heterozygous carrier trait, sickling to refer to both the 
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corri^ sUtd and th« homozygous sicWc ccH anemia condition and 
sicklemia as n syoonym for the latter. 

The phenomenon of sickling occurs mainly in Negroid popula¬ 
tions, and principally in Africa. But it has also been reported among 
the popxxlallons of several Greek villages and cities, and among Dra- 
vidian-speaking populations of Southern India, and In Sicily. These 
are interesting assocJaHons. The sickling trait is most prevalent in areas 
where malaria Is common, and it appears that sickling is an adaptive 
trait directly related to a malarial environment. In 1954, Allison ex¬ 
amined the children of a small African village and found that 46 per 
cent of the non-slcklers were infected with malaria, as against only 
28 per cent of the slcklers. Furthermore, the non-slcklers tended to 
su^r from malaria in a more severe form, Allison innoculated 15 
adult slcklers and 15 adult non-sicklers with malarial parasites. Four¬ 
teen of the non-slcklers came down with malaria, but only two of 
the slcklers. These findings have been corroborated by other workers, 
and it is now clear that the sickle-cell trait confers real advantages 
upon the heterozygous carrier against malaria. The persistence of the 
sickle-cell trait, then, would be the result of a balance between 
the pressure of malaria, which tends to increase the frequency of the 
gene, and that of sickle cell anemia, which tends to eliminate it. The 
AS heterozygotes have a much better chance of surviving and leav¬ 
ing progeny behind them than the AA hemoglobin homozygotes, and 
certainly considerably greater tlian the SS hemoglobin homozygotes, 
most of whom die in early childhood, hence, the advantages possessed 
by the heierozygotes counterbalance the disadvantages of the homo¬ 
zygotes, a situation known as balanced polymoq?hisiyu Balanced 
polymorphism refers to the fact that when the adaptive value of the 
heterozygote is greater than that of the homozygotes, natural selec¬ 
tion wiU act to preserve a balanced distribution of the genes involved. 

The increased resistance of the heterozygotes, it should be stated, 
is principally to one type of malaria, the malignant tertian type due 
to the Phwynwfium foldporum. The resistance of the heterozygote is 
probably due to the fact that this parasite is better able to grow on 
hemoglobin A than on hemoglobin S. 
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It would seem reasonable to conclude that tl)e frequency of the 
gene in a population is significantly related to the exposure of 
that popiJadon to malaria. Hence, it is not surprising to find it in 
regions where the population has been exposed for many generations 
to the invading parasite. As malaria is gradually eliminated in those 
parts of the world in which it was formerly endemic, tho genes will 
no longer be in equilibrium with the environment, and a new geoetical 
equilibrium will evolve. It should he possible to measure this. 

Finally, It may be mentioned that sickle cell anemia can now be 
successfully treated by the oral administration of a carbonic anhydrase 
inhibitor, acctazolamkle (Dlamox), by controlling the reduction of 
hemoglobin the drug suppresses sickling. 

As illustrative of the catitior necessary In interpreting the signift* 
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cance of the frequency differences in the distribution of such a trait 
as sicklemia, reference may be made to the valuable work of Lehmann 
and Raper (194d) on the distribution of sicklemia in the Uganda. 
Lehman and Raper investigated nearly 5,000 Uganda Negroes from 
24 different tribes for sicklemia. Their findings are shown in Table 
XXXVIII. From this table it will be observed that the Hamitte tribes 
show a relatively low frequency of sicklemia, with the exception of 
the Teso. The fact of interest here is that the Teso is the only Hamitic- 
speaking tribe which exhibits marked Negroid physical traits. The 
Nilotic tribes are much alike in the frequencies of sicklemia, except¬ 
ing the Madi who live on the Sudan border. Unlike the two pre¬ 
vious groups the Bantu-speaking tribes are remarkably homogeneous 
In the frequencies of sicklemia. These findings were at first interpreted 
as indicating that in Uganda incidence of sicklemia is inversely pro¬ 
portional to the contact the various tribes have had with the Hamitic 
invaders, Allison (1954) explained such differences as primarily due 
to differences in malarial severity, the sickling heterozygotes having 
a greater chance of surviving in malarious regions. As Lehmann and 
Raper point out, tliare are populations in which either of these two 
explanations may be sufficient, but some other explanation seems to 
be celled for in such a territory as Uganda where there exist large 
differences in sickling rates between not widely different ethnic groups 
living in closely similar malarial environments, These investigators 
point out that severe malaria, which might not by itself cause death, 
may be converted into a lethal condition by other disadvantages, the 
sel^ve death-rate thereby being expanded. The explanation for the 
differences in the sickling rate may then be, at least in part, explained, 
by the differentially high wastage of life associated with existence in 
a non-literate society. 

In a valuable study of the ecology of the sickle-cell gene from the 
anthropological standpoint, Livingstone (1958) has shown how the 
distribution of the rickle-cell gene in West Africa has come about as a 
consequence of the interaction of selection and gene flow. Gene Sow 
referring to the process of gene movement as a result of both migration 
and hybridization. 

In plotting the distribution of the sickle-celi gene in West Africa 
it is observed that the higher frequencies are generally to be found 
in the south, there being some indication of a north-south gradient. 
PIOffTwiwm falciparvm malaria follows a similar gradient. However, 
there are many highly malarious regions of West Africa in which sick¬ 
ling is of low incidence. 
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Correlating Irmgiiages with the distribiiKon of sickling, the indica* 
Hons are, on the whole, that the tribes with a low incidence of sickling 
are probably the indigenous tribes of West Africa who have been 
forced back into such areas os Portuguese Guinea and Eastern Li¬ 
beria, where they have been somewhat isolated. It is only in con¬ 
temporary times that the slckle-cell gene is being introduced to these 
tribes. 

Agriculture not being more tlian 6,000 years old In Africa, there 
is some reason to believe that the slash-and-burn agriculture practiced 
is related to the complex epidemiology of malaria in West Africa, and 
to the selective advantage of the si^^le-cell geno. Tlte major vector 
of malaria is the mosquito Anopheles gambine. The only places In 
which A. gftmbiae cannot breed are: (L) very shaded water, (2) water 
with a strong current, (3) brackish water, and (4) very alkaline or 
polluted water. In a tropical rain forest there would be few places 
In which A. (lambUu could breed, the trees effectively shading the 
ground, and the absorbent humus leaving very few stagnant pools. 
It is only when man cuts down the forest that A. gambias is provided 
widi an abundance of breeding places. Tlie soil loses Its humus and 
becomes laterlzed. Virtually impervious to water, the soil now holds 
it in puddles. Further breeding places are provldetl by the village 
settlement In the thatch of its huts and Its abundant refuse. 

Hunting populations do not destroy the forest, and show a very 
low incidence of malaria. The Pygmies of the Ituri Forest are a good 
example. They are said not to suffer from malaria, and are knosvn 
to show lower frequencies of the sickle-ccll gene than surrounding 
populations, presumably having acquired this gene by admixture with 
their Negro neighbors. 

It would seem, then, that the spread of slash-and-burn agriculture 
has been responsible for the spread of the selective advantage of the 
sickle-cell gene, and that therefore the sickle-ceU gene represents a 
comparatively recent genetic response to a disease which, in certain 
parts of the world, at least, has been Influencing the evolution of man. 
Haldane’s suggestion that disease may have been a major factor in 
controlling the size of human populations with the advent of the 
agricultural revolution, receives considerable support from Living¬ 
stone's study of the ecology of sickling. 

Blood Groups and Disease 

In recent years a number of independent Investigators have found 
evidence which indicates that persons belonging to different blood 
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groups may differ substantially in their snscepHbility to certain dis¬ 
eases of adult life. In 1951. Struthera io Glasgow, Scotland, drew at- 
tenKon to a significant relationship between the frequency of blood 
group A and bronchial pneumonia. Carter and Heslop, in 1957, on a 
larger series in London were unable to confirm this. In 1953 Aird. 
Bentall, and Roberts, comparing the blood groups of 3,632 individuals 
suffering from cancer of the stomach with a control series free of the 
disease concluded that "the frequency of blood group A is greater 
and the frequency of blood group O less in paUents suffering from 
cancer of the stomach than in the general populaHon of the locality 
in which they live." For example, in Newcastle they found that blood 
group A occurred in 43.6 per cent of the Individuals with cancer, but 
in only 37.4 per cent of Ihe controls who were free of the disease. 
In other localities the figures were as follows: Leeds, 47.9 cancer, 40.3 
control; Manchester, 44.5 cancer. 38.4 control; Liverpool, 44.7 cancer, 
39,6 control; Birmingham. 57.0 cancer, 44,4 control; London, cancer 
46.9, 42.2 control; and Scotland, 36.4 cancer, 32.5 control. 

The consistency with which blood group A is in every case signifi¬ 
cantly more frequenl in the cancer victims than in fliose free of the 
disease is impressive. However, Speiser in Vienna and Wallace in 
Glasgow were unable to find any association between cancer and the 
A-B-0 groups in large series of Individuals examined by thorn. Nor 
have some other investigators been able to find such an association. On 
the other hand, Haddock and McConnell found a significantly high 
frequency of blood group A in cases in which the cancer arose in the 
body of the stomach as compared with growths affecting the pylorus 
or the antrum of the stomach. 

As the evidence now stands duodenal ulcer appears to be about 
40 per cent more common iri individuals of blood group 0 than in 
individuals of other groups. There ore no differences in individuals 
of A, B, and AB groups. Duodenol ulcer apparently occurs more 
frequently in non-secretors than in secretors (Clarke et al). Gastric 
ulcer also appears to be more common in individuals of group 0. 
Individuals of group A have about a 20 per cent greater chance of 
developing cancer of the stomach than those of either group O or B. 
Individuals of group A also have about a 25 per cent greater chance 
of developing pernicious anemia than the individuals of other groups. 
Group A individuals are also more likely to develop diabetes mellitus. 
McConnell, Ryke, and Roberts, who found this association in Scotland 
in 1956, interestingly enough found that the association existed only 
in men in theii series. 

In 1954 Alrd and his associates claimed that in a series of 3,011 
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cases from fhrcc localities in England file froqxiency of Wood group O 
was significantly higher in patients v-ith peptic ulcers (that is, ulcers 
affecting either the stomach or dnodemim) than in the control series. 
This rektionslajp has since been confirmed by more than half a dozen 
diff^nt investigators. While there remains some question us to the 
significance of the association between blood group 0 and stomach 
ulcers, the association between duodenal ulcer and blood group 0 
seems to be definitely ostablislxed. 

Claims for the association of certain blood groups with discuses 
of various other hinds ore at the present time being studied by a num* 
ber of investigators, and we shall await their findings with interest. 

Meanwhile, it requires to be pointed out that the association be¬ 
tween blood groups and disease by no means implies a causal re* 
lationship. There is no evidence that U is blood of a certain type which 
produces the susceptibility to disease. It seems rather more Ilkoly 
that if an association exists between blood groups and disease a nd 
this is denied by some aothorltios like Wiener and Woxler, Unger, 
and Manuila—the blood groups may simply represent indicators of 
some other factor or factors with which they arc associated and which 
are more directly related to the su.sceptlbillty to certain types of 
dlsease^but what these other factors may be Is at present a 
matter for confecture only. A clue to the kind of possible factors in¬ 
volved has been provided by Dr. A. J. Cain of Oxford. Dr. Cain points 
out that secretors pour a considerable amount of the antigens from 
their salivary glands into the commencement of the digestive system, 
the mouth. This at once suggests that something is being taken into 
the body, as part of the fo^, which it is advantageous to neutraliie 
as quieWy as possible. In 1948 Ronkonen and in IMS Boyd and Re- 
guera independently discovered that the seeds of many leguminous 
plants widely used for food, such as the lima bean, contain large quan¬ 
tities of blood-group agglutinins whldx can be neutralized by seerc- 
tors. This suggests that these antibodies may hove a deleterious effect 
on some parts of the absorptive epithelial lining of the digestive tract. 
Cain points out that while such action may be of little importanco to 
civilized man, it might have been of considerable significance under 
the far more strenuous conditions under which man lived in the pre¬ 
historic period. The finding of Clarke and his collaborators that secre¬ 
tors had a considerably lower incidence of duodenal ulcer as com¬ 
pared with non-secretors of the A-B-0 blood group antigens strongly 
suggests the actual nature of the deleterious action. Thus, secretors 
would have a definite selective advantage in this respect. 

It would appear, then, that far from being of neutral adaptive 
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value the blood groups in fact constitute excellent examples of bal¬ 
anced polymorphism. The blood group genes are not inert, static 
entities but dynnmically active pArticipants in the process of natural 
selection, the polymorphism of tlje blood groups clearly being based 
on a balance of selective advantages and disadvantages. 


Haptoglobins 

In recent years a new group of serological traits have become avail¬ 
able for anthropological studies which may prove of considerable 
value, those are the haptoglobins, so called because they are plasma 
protein aj-globuUns which bind and act as carriers of fiee hemo¬ 
globin {hopto. Or. seize). By thus binding the hemoglobin the hapto¬ 
globins prevent the excretion of the hemoglobin molecule through the 
kidney, and protect the body from loss of precious iron or the blockage 
of the lower functional unit of the kidney (nephron). For the method 
of deteimining the haptoglobins see pp. 593-594, 

Three types of haptoglobin groups have been distinguished, each 
probably determined by n pair of autosomal incompletely dominant 
genes, as follows: 


PhenoCypei 
H«pt0|1ob{n 1-1 
Haptoflobta 2-1 
Kaptoflobin 2-2 


Genotypes 

Hp'Hp* 

ffpW 


It has recently been suggested that a fourth group exists character¬ 
ized by a complete lack of haptoglobins, but the question that has 
yet to be answered Is whether populations lacking haptoglobins do 
so for genetic or environmental reasons. Diseases of the liver and also 
hemolytic conditions can cause tho dlsappearonce of haptoglobins for 
considerable periods of time. Ahaptoglobinemia can also be produced 
by other conditions, hence, the lack of haptoglobins may in some, if 
not In all, cases be due to environmental conditions. Caution is there¬ 
fore necessary In interpreting tire results obtained on any population 
lacking them. Recently Oliver ef al found that haptoglobin values 
are low in hepatocellular failure, and high in biliary obstruction and 
secondary carcinomatosis. The distribution of the haptoglobin groups 
in various populations thus far investigated is shown in Table 
XXXIX. 

The distribution of the haptoglobin groups in Table XXXIX is 
arbitrarily given in order of increasing frequency of the 1-1 pheno¬ 
type. This strongly brings out the fact tiiat Caucasoid populations axe 
characterized by comparatively lovtr 1-1 and high 2-2, while Negroids 
are high in i-1 and low in 2-2. The differences in the phenotypic fre- 
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qu«ncies in the haptoglobin groups in each of these populntions indi¬ 
cates that a tnie polymorphism exists. Tlio polymorphism may be the 
result of a balance of selective factors such os are operative in the 
case of the blood groups in relation to susceptibility to disease, and 
possibly other conditions. The differences in die frequencies of 1-1 
and 2-2 in Caucasoid and Negroid populations suggests that each 
haptoglobin group carries with it advantages which are selectively 
significant in one particular ecologic niche but not in the other, as, 
for example, in tropical ns compared with temperate climates. In trop¬ 
ical climates low 2-2 may afford advantages which do not obtain in 
temperate climates. 

Abnonnal Hemoglobins 

Another group of hematological trait# which may prove of anthro¬ 
pological value are the non-sickling abnormal hemoglobins. These 
abnormal variants of normal hemoglobin A have been designated by 
tho following letters in the order of their discovery: C, D, E, C, H, 
I, J, K, L, M, and N. Normal adult hemoglobin is designated A, fetal 
hemogloWn, some of which may stlU be found in tlie infant's blood 
up to its fourth or sixth month, is designated F, The letter B is omitted 
since it hod at ono time been used for sickle-cell hemoglobin. Most 
of tho abnormal hemoglobins are probably all alleles of tho nonnal 
gene A, for they appear to behave in a simple Mendellan manner, but 
this has been proved conclusively only for hemoglobins A, S and C. 

TABLE XXXIX 


Haiwuiojih Oravn lu Vasiow Populatiowa 
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There have been reports in wltich hemoglobin variants were inherited 
in a manner suggesting more than one locus. 

Tlie abnormal hemoglobins are characterized by restric-ted disfri- 
birtions, a fact which renders them unustially interesting. For ex¬ 
ample, while hemoglobin S is found all over tropical Africa, and 
aiso in certnin parts of India and among a certain proportion of 
American Negroes, hemoglobin C has thus fur only been discovered 
in West Africa, In about 2,5 per cent of American Negroes, and in 
about I per cent of Cape Coloured in Cape Town. The suggestion is 
that the latter two populations derived their hemoglobin C from 
West African imcostois. This homogbhln has not been found in East 
Africa or in Uganda, nor among northern Niloles of the Southern 
Sudan. But on the Gold Coast it has been found with ft frequency of 
26 per cent among the Dagomba of the north. In the southern Cold 
Coast the frequency is 10 per cent Further east, in Western Nigeria 
it was found with a frequency of 7 per cent among the Yorubft, but 
among the ethnically related but more isolated I gala east of the River 
Niger it is completely lacking. Lelimann therefore suggests that it 
would seem that hemoglobin C has arisen somewhere near the Gold 
Coast and is now spreading soitthwards and eastward, and that in 
this hemoglobin we may actually be witnessing the relatively recent 
birth of a new gene and its early dissemination. 

Hemoglobin D has been found in 4.2 per cent of Australian ab¬ 
origines, and in % New York Negroes, and In about 18 of Sikhs, in 
about 1 per cent of Punjabis and in some Gujeralls in Indio. Hemo¬ 
globin E has been found in 13 per cent of Siamese and in an equal 
number of Burmese, in 4 per cent of Veddas, and it has been found 
in a Turkish family and in a Persian girl. 

Hemoglobins G. H. I, J, K, L, and M, have thus far been found 
in single families only. Hemoglobin N has been found among Liberians 
ond in some 0.3 per cent of Portuguese Guinea Negroes. 

A study of 708 Eskimos, 200 Aleuts, and 44 lodians in Alaska for 
abnormal hemoglobins found that only normal hemoglobin A was 
present in their blood—a finding which suggests that abnormal hemo¬ 
globins do not occur In the members of these populations, or if they 
occur are extremely rare. 

In the serological traits we have anthropological characters which 
for the first time provide us with a means of actuaUy breaking through 
the phenotypical external characters, and deleimining the genetic 
character, Ae genotype, of a population. This, of course, is true only 
for a very few other traits in addition to the serological traits. Future 
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TABLK XI/ 

The GRKOtT^»;« awu Piiw^tmPK" op Tartimo *mi> Xok-Tahtinq PTC5 

" f?en«W< Hcufilypti _ 

7*7’ TmU-t 

Tl Tbxut 

fl Non*TtfWr 

researches will undoubledly yield many more such traits which will 
then become usable lo the some way in the genetic analysis of popu¬ 
lations.* One such trait which may next be discussed is in the form 
of a taste-reaction, and should provide the reader with an idea of the 
great variety of traits which lend themselves to genetic analysis. 

Tasting and Non-Tasting 

PTC are lettw which stand for a white crystalline powder known 
as phenyl-lhto-carbamide. A single crystal placed on the hack of 
the tongue u soon as it is dissolved in saliva, or else dissolved in 
and drunk from a glass of water,f is experienced by most pwsons 
as a rather bitter taste. Such persons are known as "tasters." Tliose 
who are unable to taste PTC are known as "non-tasters," Two genes 
are involved, one of which is dominant (T), and the other recessive 
(0, both giving rise to three genotypes (Table XL). Tlie gene T 
is dominonl for tasting and the gene t recessive for non-tasting, the 
non-lasters always being homozygous (H) for that gene. 

In the human populations thus far Investigated interesting dl pr¬ 
ances have been found in the proportions of non-tasters to tasters. Tl»e 
percentages of tasters a« listed in Table XU. Interestingly 
enough the Investigation of the taste reaction of 27 chimpanzees to 
PTC revealed that seven animals or 26 per cent were non-tasters, a 
proportion falling well within the range of that encountered in man in 
whom the range is from 0.2 to 73.3 per cent non-tasters. Since it 
is hardly conceivable that the relations of the genes to one another 
has remained the same over the 800,000 or more generations since the 
separation of the anthropoid and hominid stocks, the erroneous in¬ 
ference was made that over this enormous period of rime the het^- 
zygotes (TO for this apparently valueless character have enjoyed a 
selective advantage over both the homozygotes (7T, ff), and this m 
both the lineage of the evolving chimpanzees and in that of evolv. 


* $«e pp. 583-5S7. 

I Pw (he method of Msting. see pp. 584-585. 
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ing roan, There ate, apparently, about equal numbers of T an<l t genes 
in the chimpanzees (and in some human populations) yielding, as 
would bo expected, 


25 per cent TT \ 
SO per cent TV J" 
25 per cent H 


tasters 

non-tasters 


Under conditions of genetic Isolation the proporHons of the genes 
and their phenotypic expression will remain constant, and are then 
said to be in equilibrium. 

From Table XLI it will be seen that the variation is such in the 
proportions of tasters to non-tasters as to indicate significant differ¬ 
ences in gene frequencies with respect to the T and i genes. The study 
of these gene frequencies in different populations should be particu¬ 
larly rewarding, The genetic analysis of faste*reactlons in the non- 
liuman primates and in human populations may serve to throw a 
unique light upon such important problems as the relationship of 
primate groups to one another, the stability or Instability of certain 
combinations of genes, and their selective value. 

Indeed, considerable light has recently been thrown on the adap¬ 
tive value of PTC tasting by Kltcliin and his co-workers (19S&). It 
has been known since 1942 (Richter fir Clishy) that when rats are 
fed PTC they develop marked thyroid hyperplasia. Subsequent work 
has established that the thiocarbamldes In general are active goitro¬ 
genic substances. They occur naturally in such foods as turnips, 
brussels sprouts, rape, and especially kale, Xltchin ot al. determined 
the PTC threshold in 447 patients with thyroid disease, and in a 
normal control group of 2fi5 individuals. They found that in 246 patients 
with adenomatous (nodular, neoplastic) goiter 97 individuals or 39.3 
per cent were non-tasters (genotype «), This is a significantly high 
incidence, when compared with the normal controls with an incidence 
of 29.4 per cent or when compared with the frequency of non-tasters 
in any other English sample (See Table XLI). Of this group of 
adenomatoxis non-tasters 60 per cent were males and 30.6 per cent 
females. 

In 133 patients with toxic diffuse goiter only 22 individuals or 
16.6 per cent were non-tasters, and there was no difference in the 
sex dislributiOD. Thus, there was a significant excess of tasters (geno¬ 
types TT, Tf) among the patients with toxic diffuse goiter. 

The taster/non-taster genotypes appear, then, to be of importance 
in determining the type of thyroid disorder that may develop, that 
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is, whether it shall be nodular or diffuse. If, as these findings suggest, 
non-tasters (ft) are more susceptible to thiocaibamides, it is possi¬ 
ble that tlie homozygous tasters (TT) are even less susceptible than 
the hcteTO:£yg0u$ tasters (Tt). The assximption i$ that such insus- 
ceptibility to tliiocarbamldes renders the thyroid more prone to toxic 
diffuse goiter, and in this way one of the natural restraining mecha¬ 
nisms to thyroid homeostasis is removed, This could result in a highly 
sensitive thyroid which might react more vigorously to psycliic stimuli 
by way of the hypothalamus and pituitary. 

Biochemically the differential taste response to PTC is confined 
to substances with the chemical grouping —N—C—. They arc oil 

S 

active reducing agents, and their biological action is to inhibit tyro¬ 
sinase and the synthesis of thyroxine. This effect ooeiirs within the 
thyroid, is uninfluenced by the treatment with iodine, and results in 
thyroid hyperplasia under the stimulus of pituitary thyrotropin. 

To complete the story ecologically: Goitrogenic substances allied 
to PTC occur in many vegetai>les which are fed raw to cattle fn 
winter. Goitrogens have been isolated from cow's milk following 
feeding with kale. Cow’s milk could therefore he an important source 
of goitrogens In man, Such ingestion of goitrogens would occur only 
in winter, since in spring and summer cows are usually grass-fed. If 
this were so, cycles of seasonal involution and hyperpluin would 
occur in the thyroid, particularly in non-tastera of FTC, and it is 
precisely this pathologiCBl sequence that is known to give rise to 
adenomatous goiter In later life. 

Undoubtedly the blmodal taste response In different populations 
is yet another example of balanced polymorphism. 

How the present differences in the frequency distribution of the 
blood group, blood type, secreting, sicklemia and taste-reaction genes 
were probably produced, as well as the many other differences which 
are to be found in the different major and ethnic groups of man, may 
best be considered below. 

Our knowledge of none of the traits here discussed is at present 
sufficient to permit us to reconstruct the relationships of tho major 
and ethnic groups of man to one another. Attention has here been 
given to an account of these traits principally because they provide 
the type of criteria which modem physical anthropology is beginning 
to use, and of which it will make ever increasing use in the future. 
The mechanism of the inheritance of these traits has been described 
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in order to show to what extent such truiis may he relied upon for 
tracing the physical relationships of man. 

THE MECHANISM OF DIFFERENTIATION OF THE 
MAJOR AND ETHNIC GROUPS OF MAN 
In the last chapter we saw that early rmm was already di€eren* 
liated into a number of recognizable types, that there was good reason 
to believe that mixture had occurred between some of these types, 
and that from some of these mixtures several of the varieties of man 
as we now know them probably were evolved, 

When, in this connection, we use such a word as “evolved* wo 
have a very definite series of processes in mind, and it is these proc* 
esses, which we shall now consider, which give a definite meaning 
to what we understand by the evolution of the ethnic groups of man. 
Such evolutionary processes are at work before our eyes at the present 
time in every part of the world, where the banieis l>etwccn different 
isolates are being broken down or else erected. This is particularly 
true of the United States where one can observe and study tho effects 
of both processes in action. But this is to anticipate. 

When two or more populations are Isolated from one another they 
may be spoken of as itolates. It does not matter how lorge or small 
the population Is. Isolation may be defined aa die state or condition of 
separation from other groups which limits or prevents interbreeding 
between them. Within any population there are generally a number of 
different groups which may remain more or less distinct by virtue of 
marriage regulations, chance factors, or recognized barriers, which 
serve to maintain the distinctness of the group. Such groups are also 
iaoUiUs, Natural geographic barriers suclt ns distance, seas, rivers, 
forests, and mountains, serve to maintain the independence of isolates. 
Out of die way villages with poor communications with the outside 
world provide good examples of isolates in our own country, and still 
more so in Europe. In western society the tendency to marry into 
one's own class serves to maintain what may be called the cUus isolete, 
while the tendency to many a person of the same religion serves to 
maintain the f^Ugieus isolate. When, as is usually the case, both are 
combined, as among Jews, or Catholics^particularly Catholics of Irish 
and Italian descent—whore Jews tend to marry Jews of the same class, 
and Catholics tend to marry Catholics of the same class and national 
origin, easily recognizable social isolates are produced, and these are 
often miscalled “races.* 

Factors similar to those involved in the production of the isolates 
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ju?t mentioned have probably been operative througliout the long 
history of manldad, but there have also been others. 

Whether we think of the earliest types of man as arising from a 
common ancestral stock or from several different stocks, ultimately 
makes very little difference to oui understanding of the differentiation 
of mankind. If they originated from different ancestors and were dif¬ 
ferent to begin with, some of them must have met and interbred and 
produced hybrids who, in turn, did likewise, and some of the results 
of these mixtures may have given rise to existing varieties of mankind. 
A strong case could be made out for this polygenic theory of the origin 
of the varieties of mankind, but not quite as strong as that which can 
be made out for the monogenic theory which postulates the origin of 
the varieties of mankind from a common ancestral stock. One of the 
principal objections to the polygenic theory is that the living varieties 
of man so closely resemble one another in nil their physical and mental 
characters that it would be difficult to conceive of them as having 
originated from distinct lines by a process of convergence. Also while 
it makes it more difficult to account for the existing differences, the 
monogenic theory seems to be more in accord with the facts, and with 
the evolutionary processes involved in the production of other varieties 
of living creahires. 

Our present knowledge Is not by any means adequate to provide 
an entirely satisfactory explanation of the mechanisms of ethnic diffe^ 
entlation in man, Much basic research will have to be carried out 
before that becomes possibloi but by utilizing the findings of geneticists 
on other animal groups as well as on man it will be possible to give 
the reader some idea of the nature of the probable mechanism or 
processes involved in the evolution of the ethnic groups of man. We 
may begin with the following postulates j 

1, Tho original ancestral human population, living in a circum¬ 
scribed region of the earth, was genetically relatively hetero¬ 
geneous. 

2, By migraticn at different times away from the original ancestral 
population and Imbitat, individtial families or groups of families 
became dispersed over great distances. 

3. Some of the groups llxus dispersed became geographically iso¬ 
lated from one another, and remained so isolated for more or 
less considerable periods of time over many generations. 

4. In all these isolat^ groups the following factors came into play 
as couditions leading to evolutionary change! 
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I Satiiral selecihn 
ii. Mutation 
iii Ifolction 
Iv. Ctnetic drift 


V. iiybrUHzotion 

vi. Sexual scUvtian 

vii. Social saketion 


Nahjral SalecHon 

By n&Cural selection is meant the preservation throu^ the action 
of the environment of such variations as arise and are beneficial to 
the organism under its conditions of life. Because tl^ey adapt the 
organism to those conditions such variations are called adaptive. Under 
the selective action of the physical environment those individuals who 
are lacking in the necessary adaptive cliaracters or qualities tend 
either (i). to go on to occupy di^ent niches in the environment, or 
(ii), to leave a lesser progeny behind them, or (iii) to die out while 
those who possess the necessary qualities survive and procreate. Na* 
tural selection may, then, bo regarded as the creative force whidi out 
of the raw materials of mutation determines not only which organisms 
shall survive, but also wliich among the many millions of possible 
organisms svill in fact arise. 

Darwin's own definition of natural Sdloction may be given here. 
It is from the intrtduction to The Origin of Species, 1850, page 5: 

“As many more individuals of each species are bom than can possi¬ 
bly survive; and as, consequently, there is a frequently rocuning Strug* 
gle for ejdstence, it follows that any being, If it vary however slightly 
in any manner profitable to itself, under tho complex and sometimes 
varying conditions of life, will have a better chance of surviving, and 
thus be ncturally selected^ From the strong principle of inheritance, 
any selected variety will tend to propagate its new and modified fonn." 

Natural selection is a convenient shorthand phrase for the effects 
of the differential reproduction of dlfierent types. It is an immediate 
and automatic consequence of the basic property of the genetic ma* 
terials, autocopying, but with occasional erroneous variations—muta* 
tiODS. Autocopying results in multiplication and competition. The auto- 
copying process is the means by which the genetic materials replicate 
themselves, the errors in the precision with which this is sometimes 
done, mutations, result in conferring different degrees of biological ad¬ 
vantage or disadvantage on those who inherit them. The net effect is 
differential fertility down the generations, that is, natural selection. The 
result will be that favorable new mutations or favorable combina- 
tioDS of old mutations will tend to become established as normal in 
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d» Stock in the place of 1«8 favorable ones. The probability of any 
organism having come into being forhiitoxisly without the operation of 
natural selection is so great that R. A. Fisher has aptly described na¬ 
tural selection as "a mechanism for generating an exceedingly high 
degree of improbability." 

Since natural selection is automatic and blind and neitlier purpose* 
ful design nor foresighted planning is involved in its action, its results 
are always relative to the particular environment in which the organ¬ 
ism is living, as well as to its partlculnr structure and habit, Adaptive 
traits are adaptive only in relation to environments in which organism al 
structure and function fit harmoniously. 

Judging from its distribution it is practically certain that skin color 
is an adaptive character, that is to say a character which has selective 
value. In man. with few exceptions darkly pigmented skins are geo¬ 
graphically distributed in high lemperature-sunlight-humidity regions, 
lightly pigmented skins in regions of lower temperature-sunlight- 
humidity conditions. 

The marked geographic gradients shown by pigmentation in warm¬ 
blooded lower animals have been subsumed in Gloger's rule. This rule 
states that melanin pigmentation tends to Increase in the warm and 
humid paru of the species range. High humidity together with high 
temperature promotes the formation of black pigmentation (eu- 
melanins), while aridity with high temperature promotes the formation 
of the reddish, yellowish- and reddish-brown pigments (phaeomela- 
nins). The phaeomelanins tend to be reduced under cooler conditions 
even if arid, as do the melanins under extreme cases such as the polar 
regions. The maximum depth of plgmentaticn is found In humid and 
hot climates, the minimum in arctic climates. Heal and aridity, as in 
subtropical deserts, tends to promote yellowish- and reddish-browns, 
wliJle lower temperature and aridity, as in steppes, tends to promote 
greys and grey-browns, 

With the exception of color varieties which do not occur in man 
such as greys and grey-browns, and aOowing for the shifts which have 
occurred as a consequence of migration, these relations between climate 
and skin color would seem to apply equally to man as to lower animals. 

It may be that the broad nose of the Negro and the narrow nose 
of whites also represent adaptive characters. The work of Thomson 
and Buxton suggests that air at higher temperatures is breathed more 
easily through a broad than through a narrow nose. A broad nose 
permits the maamum exhalation of heated air from the lungs, and in 
hot climates where heat dissipation is desirable a broad nose would 
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be a selecdve advantage. It has been suggested that the nunmv nose 
represents an adaptation to cold climates where the temperature of the 
air must be ndfusted to the proper warmth and humidity. As Negus 
has shown, this interpretation receives no support from Ihe conditions 
found among lower animals, close-set and large nostrils far apart 
follow no climatic luleti. Kenney points out that most human desert 
dwellers have a slender nose, which has the advantage of providing 
cooling and saturation of the inspired air before its exposure to the 
respiratory surfaces. Weiner reexamined Thomson and Buxton’s orig¬ 
inal data and found that the broad nose conelated rather more sig¬ 
nificantly with external absolute humidity (exchange of water from 
nasal epithelium to inspired air) lhan with air temperature and 
humidity. 

Populations living in regions of extreme cold, such as those of the 
Arctic Circle, Siberia, Alaslut, and Greenland, tend to be relnttvely 
short, and well padded with fat. They present a surface area which 
is less than that exhibited by populations which have been long resi¬ 
dent in regions of high temperature, The latter would appear to be 
built to radiate as much heat as possible—the former os little as possi¬ 
ble. Flat padded faces, flattish noses, and ‘'double" upper eyelids— 
the epicanthic folds—appear to be adapted to protect tha exposed and 
vulnerable face and eyes from cold. 

Body weight is also correlated with mean temperature, the tend¬ 
ency being for high body weights to be assodaCed with low tempera¬ 
ture, and low body weight to he associated with high temperatures, 
while medium body weights occur in more temperate regions. The 
selective advantage of such body-weight relations to temperature may 
be deduced from the fact that for a given stature lower body weight 
at hlglier temperatures yields an advantageous ratio of body surface 
area to mass, thereby facilitating the maintenance of body heat bal¬ 
ance. Accumulation of fat in cold dimates provides Insulating qualities 
which appreciably affect body heat loss. A decrease of surface is of 
advantage for the maintenance of body heat in a cold environment. 
Since larger bodied individuals have a smaller surface in proportion to 
mass—volume and mass iocreasing as the cube of the linear dimen¬ 
sions and surface only as the square—a larger body sire serves to 
reduce heat radiation, and a smaller body size to increase it. These 
facts are resumed in Bergmann’s rule which states that the smaller- 
sized members of a population are to be found in the warmer parts of 
the range, the larger-sized members in the cooler areas. 

Allen’s rule, which states ffiat the protruding parts of the body, such 
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limbs, cars, and noses are relatively shortei in tbe cooler parts 
o£ tbe species range tljan in the wanner parts is to some extent also 
applicable to man. Tropical peoples tend to be of slighter build and 
to show a greater degree of linear development in the limbs, the limbs 
being increased in lengdi compared with trunk length, and their 
diameter reduced. Tliis is also true of the neck. To some extent 
the migratory habits of man may have played havoc with this 
particular ecological rule, Tlio application of Bergmann’s and Allen’s 
rules to man have been seriously and cogently questioned (Wilber), 
on the ground diat the inadequate data has been improperly inter¬ 
preted. and that in any event, man has never responded to his environ¬ 
ment in a passive manner, hut has always done everything within his 
power to control and shape the environment to his requirements. But 
whQe this is undoubtedly true, it should be remembered that ecological 
rules are genorallzations to which exceptions can be found in every 
group, but that by and large they do apply to most populations of a 
species. Tlw studies of Newman and of Roberts on New and Old 
World human populations lend strong support to the view that eco¬ 
logical rules apply to man as well as to other animals. 

The action of natural selection varies under different conditions, 
and the rate at which it operates depends upon the character or quality 
Involved. 'Thus, for example, where inherited lack of immunity to cer¬ 
tain diseases such as sleeping sickness, malaria, and tuberculosis, is 
involved, natural selection would operate very rapidly, and those 
lacking immunity to these diseases would in a relatively short time tend 
to die out, while those possessing some degree of Immunity would tend 
to survive and grow stronger. 

The gradual dying off of individuals possessing a white skin in a 
tropical humid climate, so that only those with a dark skin remained, 
would probably take a very considerable amount of lime. There is, 
however, no direct evidence that in this particular respect, such a 
differential action of natural selection ever occurred in the develop¬ 
ment of man. 

It must be observed bere that in addition to Its creative action in 
the preservation of progressive adaptations, natural selection also 
operates in favor of those individuals who ore already preadapted. 
Preadaptivc traits predispose individuals to take advantage of the en¬ 
vironment into which, by chance, they may be thrown. It may be, for 
example, that the broad nose of Negroids is such a character, that 
in a particular environment already existing persons with broad noses 
were able to adapt themselves to the conditions of that environment so 
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efiiciently Chat any other form of nose would have been at a disadvan* 
tage is companson, that hence the broad nose persisted. Natural se* 
lecdon expressed itself here in the preservation of a pre-existing charac¬ 
ter which was probably characteristic of all or most Negroids to begin 
with. It is unnecessary, therefore, always to assume that if a char¬ 
acter or quality has survived another character or quality not as well 
adapted to the conditions of the environment must have died out 

The survival and diffusion of mutations has, to a large extent, been 
dependent upon natural selection, and since it is quite certain that 
mutation has played a con.siderahle role in the evolution of man, it goes 
without saying that natural selection has played an equally important 
role. 

The evidence points to the fact that natural selection has been 
the priocipal arbiter of man's evolution. Unfortunately, what Is in¬ 
volved in the process of nahu'al selection has not always been too 
clear to many writers on the subject. Ever since the publication of 
Darwin's On ths Origin of Spades by Means of Natural Selection, Or 
the Preservation of Faooured Races M the Struggle for Life, in Novem* 
ber 1S59, most writers have dwelt on the ''struggle*' aspect of natural 
selection whQe altogether omitting to consider its very important co¬ 
operative aspects. Since 1S59 a great deal of evidence has been ac¬ 
cumulated which renders it quite clear that cooperation is an indis¬ 
pensable part of the "struggle'' for existence. If, instead of thinking, 
as the social patterns of the nineteenth century suggested, of "struggle" 
as the ruthless competition between Individuals for survival sve think 
rather of "struggle" as endeavor or drive to survive we shall be nearer 
the truth. Involved in the process of endeavoring to survive there are 
cooperative as well as competitive elements. The distribution of adap¬ 
tive characters throughout a group Is achieved by cooporalloa as well 
as by competition. Organisms possessed of certain selective advantages 
need the cooperation of their fellow organisms in order to be preserved. 
If natural selection secures the differential survival or perpetuation of 
different genotypes, then quite clearly cooperation is an integral part 
of the process svithout the action of which the survivors could not 
long be preserved. It is the cohesive effect of natural selection as repre¬ 
sented by its cooperative aspect which secures the perpetuation of the 
Species. It should be fairly evident that no animal group could possi¬ 
bly survive without the cooperative aspect of natural selection to sus¬ 
tain and integrate it. Competition without the cohesive effects of co¬ 
operation ts powerless to preserve anything, “Favoured races" are not 
preserved by conflict but by cooperation. By cooperation is meant the 
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support which animals given one another in the struggle for existence. 
As Kropotkin put it in his great book Mutual Aid, '’If we resort to an 
indirect test, and ask Nature: 'Who ore the fittest: those who are con* 
tinually at war with each other, or those who support one another?' we 
at once see that those animals which acquire habits of mutual aid are 
undoubtedly the fittest. 'They have more chances to survive, and they 
attain, in their respective classes, the highest development of IntellU 
genco and bodily organization.” 

Tliese are most imix)rtaDt ideas for the reader to grasp, since the 
principle of the struggle for life againtt others has, in the past, been 
greatly overemphasized, while the principle of cooperadoo has been 
unwarrantably neglected. Natural selection favors the cooperative as 
opposed to the disoperative struggle for survival. As Burkholder has 
put it, "The most important basis for selection is the ability of asso* 
dated components to work together harmoniously in the organism 
and among organisms. All new genetic factors, whether they arise 
from within by mutation or are incorporated from without by various 
means, aro accepted or rejected according to their cooperation with 
nssodated components in the whole aggregation/' 

The unfortunate habit of thinking In terms of tlie struggle for 
existence, by means of which, it is believed, the fittest, that is "the 
fightingest," are alone selected for survival while the weakest are 
ruthlessly condemned to extinction, is not only an incorrect view of the 
realities, but is a habit of thought which has done a considerable 
amount of harm. Only by omitting any reference to such an important 
evolutionary force as the principle of cooperation, and by viewing evo¬ 
lution as a process of continuous conflict between all living things 
can man be led to conclude that survival or development depends 
upon successful aggression. Omitting important facts and basing their 
arguments on incomplete and false premises the tough Darwinians, 
but not Darwin himself, could only arrive at false conclusions. In 
1944 a group of distinguished biologists resumed the prindple of 
cooperation In the statement that the probability of survival of Indi¬ 
vidual or living things increases with the degree with which they 
harmoniously adjust themselves to each other and to their environ¬ 
ment. So far as man is concerned it is particularly necessary to remem¬ 
ber, as Haldane has said, that "in so far as it makes for the survival 
of one's descendants and near relations, altruistic behevicur Is a kind 
of Darwinian fitness, and may be expected to spread as the result of 
natural selection." 

As we shall see (pp. 491-494) cooperation has almost certainly 
played a role of the first importance in the evolution of man. 
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Mutation 

Mutation defines the condition in which a particular Rene under¬ 
goes a permanent change of some sort, resulting in a transmissible 
hereditary modification in the expression of a trait. A mutation is, to 
fact, the result of a failure of precision in the basic autocopying ex¬ 
hibited by the genes. It Is mainly small mutations that are important 
In evolution. Indeed, the selective advantages of most mutations are so 
small as to bo undetectable in any one generation. But such mutations, 
operating on the scale of geological time, aro capable of producing all 
the observed phenomena of biological evolution. Mutations provide 
the raw materials of evolution for natural selection to turn into the 
improvably “finished article.*' Mutations of genes for some trails have 
almost certainly occurred independently at different rates, and have 
affected different traits. Thus, for example, in one isolate mutant genes 
may have appeared aud ultimately become scattered throughout the 
population, as for instance, may have been the cose In the original 
production of “black” skin color among Negroes. 

If we assume that "white" wos the primitive skin cx)!©! of man, 
then in one isolate mutant genes resulting In a brownish skin color may 
have appeared, while in still another isolate mutation in the direction 
of a yellowish skin may hove occurred, and by subsequent mutation 
“black" skin may have made its appearance. However, it is possible 
that these skin colors were already in existence among the earliest 
groups of man. In this connection it is of interest to note that chimpan¬ 
zees present some, at least, of the varieties of skin color found among 
the living groups of Homo wpiens. In different geographic races of 
these animals individuals are encountered that are completely black 
or brown skinned, and others in which face, hands, and feet, may be 
black and the remainder of the body white or brown. But nothing 
like the kind of variability in skin color that occurs in man is en¬ 
countered in any non*human primate. There can, therefore, be little 
doubt that mutation has played some part in providing die raw ma¬ 
terials for the great variety of skin colors seen in man. 

Mutation of hair-form genes to yield the present variety of hair 
form would give a better, and probably more accurate picture of the 
marmer in which such problems may be discussed and investigated. 

Thus a genetically relatively heterogeneous population from which 
groups have migrated and become isolated from one auother, may by 
random variation to gene frequencies, and the cliange in the expres¬ 
sion of genes themselves, produce new gene combinations which 
differ &om group to group and thus serve to define the differences 
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existing between such groups. This random variation or recombina¬ 
tion together with tlie occurrence of mutation may be considered as 
the primary or basic conditions for the evolution of all animal forms. 
Tliat these processes have played such a fundamental role in the evo¬ 
lution of mankind appears to be a justifiable inference from the facts. 

Quite as important are those factors which act ixpon the shifting 
pattern of the genetic apparatus and influence its course, Tliese axe 
the secondary facton, snch as environment, natural selection, hybridi¬ 
zation, sexuol, and social selection, inbreeding, and so on. factors which 
have been unremitting in tlieir action upon the primary one, though 
the character of that action has been very variable. 

Here it is principally desired to emphasize the fact that in the 
character of the aclton of gene mutation, we have positive evidence 
that variation is a natiu*al process which is constantly proceeding in 
all human groups. But while in man variation brought about by 
mutation has probably been very great, it has in many dlscitssion.s 
too often been permitted to overshadow the variation which has been 
produced by the action of the secondary factors. Mutations not anthro¬ 
pologically significant occur frequently in man. It Is also probable that 
over long stretches of time more significant mutations occur In one or 
another human group. But where we know so little the concept of 
mutation must be used with extreme caution, for it is the one which 
is readily abused, since almost everything can be 'explained" by an 
appeal to mutation. 

It should be clear diat while mutation presents tlie raw material 
of evolution It does not tell us how that evolution comes about. We 
know that mutations occur, the real problem is to discover how they 
(the mutant genes) become differentially distributed, Increasing in 
one group and not in another. U we find that skin color in man has 
largely arisen as the result of mutation it still remains necessary to 
explain why some sklu colors became localized as, for example, white 
in Europe, yellowish in a large part of Asia, and black in Africa. Kinky 
hair, like most other characters, Is due to the interaction of several 
genes (no one knows how many). In order to become established in a 
population there must be some agent which brings the mutants to¬ 
gether and thus ensures their perpetuation. What this agent is we do 
not know, though It may be strongly suspected that it is selection of 
some sort. 

Bearing tliese facts in mind, it may tlien be safely said that some 
of the physical differences existing between the living varieties of 
man probably represent the end effects of small gene mutations fitting 
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harmooioujly intti systems which I'eniuin relatively unaltered. U 
is unlikely that the number oi genes involvwl In these differences ex* 
coeds more than a very small proportion of the tohj number eaixied 
by each member of the group. 

Individuals in whom such mutations occurred—for mutatlous occur 
in individuals, not in groups—would have to reproduce if the muta¬ 
tion is to survive. Now, an Important point to grasp here is that 
early populations of man consisted of very small breeding groups, 
mud) as among tbe food*gathering and hunting nonliterate peoples 
of today. In suol) small groups n mutation. If it possessed some selec* 
tive advantage, could establish itself fairly rapidly, in the course of 
several generations. Under favorable conditions a mutant gene might 
have a better chance of perpetuating itself in a small population, and 
in a small population a mutant gene miglit easily be lost by not being 
l)erperuated in reproduction. In any event, it should be stressed that 
even when a mutation has considerable adaptive value its spread 
through a population is extremely slow. Favorable mutations might 
become distributed through the whole or only through a portion of 
the population. In the former case, we would have on isolate distin* 
gulshed by a unique character for which every member was homo* 
zygousi in the latter case we would have a situation ready for the fur* 
ther operation of selective factors. Through tha agency of limiting 
factors or sodal selection those possessing the mutant diaracter gradu> 
ally become separated from those not characterized by It, and a naw 
group buds off, as it were, from the old. to form a more or less distinct 
geographic race. This we know to occur la all other forms of life 
which have been studied, and tliere Is no reason to believe that the 
same processes have not occurred in the case of man. though definite 
evidence for this is wanting. 

In environments where life is not easy, and the struggle for survival 
determines the maintenance of small bands rather than large ones, 
such budding'off of isolates is a perfectly natural process. 

Isolation 

By isolation is here meant the separatioo of a group from all other 
groups of the same species, so that breeding takes place largely or 
entirely within the isolate. Under such conditions small bree^ng 
groups tend to become distioct horn others as a result oi the unique 
fixation of mutations which occurs; and the process thus defined be* 
comes temporarily genetically stable, and a type of man distinguish¬ 
able, in some one or more characters, from all others may thus become 
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established That isolation is a cause of differentiation has already been 
remarked. This; as Julian Huxley says, “is due to the nature of the 
evolutionary process, which proceeds by the presentation of numerous 
small mutative steps, and the subsequent incorporation of some of 
them in the constitution by selection, or in some cases by Sewall 
Wright's ‘drift/ The improbability of the mutative steps being Identical 
in two isolated groups, even if they be pursuing paiallel evolution, 1$ 
enormously high," hence, the fati that no two isolates are ever alike, 

It is in this manner that geographically or otherwise isolated groups 
have doubtless become the source of novel types of mankind, but it 
should not be supposed that any group of man has ever been com¬ 
pletely isolated throughout the whole course of its history. Here, of 
course, the element of time enters. There can he little doubt that some 
groups of man have, in the course of their history, been isolated for 
considerable periods of time, but sooner or later csOTtac*! is generally 
established with some other group, and interbreeding ocoxirs. Tl^e 
introduction of new genes for a time produces a certain amount of 
Iietercaygosity, and results in a greater variability of the group. If, 
after such intermixture, the group continues to breed in isolation, there 
is again produced an equilibrated distribution of genes to result once 
more in a relatively stable group. Tire group will now be different in 
genotype (in the type of its genes, i.e., in its heredity), and may or 
may not be different in the appearance of its members, in its pheno¬ 
type. Wlrether the group will show any phenotypical difference among 
its members will depend upon the numbers involved in the original 
crossings, and upon the characters possessed by each of the mating 
groups, as well as upon whether marriage is random or otherwise with 
respect to certain traits. No population, however, ever becomes 
homozygous for all its traits, the fact being that all populations main¬ 
tain a considerable measure of heterozygosity. 

Genetic Drift 

It has already been pointed out that throughout the greater part of 
his history the numbers entering into tlie constitution of the various 
breeding populations of man appear to have been very small. Fleure 
and Graham Clark have independently estimated that the total popu¬ 
lation, for example, of Briuin in Upper Paleolithic times, under a sub- 
gladal climate, was between 250 and 2,000, probably nearer 250 In 
winter months. In the Lower Paleolithic it is unlikely that the popu¬ 
lation of Britain ever comprised more than a dozen bands. Peoples of 
the lower hunter stage of cultural development at the present day 
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rarely if ever attain a Iwedfng population size of 1,000. According to 
KraywicJd's survey tribes aumberiog more than 500 individuals were 
a rarity among the Australian aborigines. Such tribes were at least 
reproductively partially separated from other tnbes. 

In such partially isolated small populations another factor comes 
into play. This is die 'accident' of the breeding structure of small 
populations which renders It possible for particular mutant genes or 
gene combinations to survive. Under such conditions genes for traits 
which are 'neutral/ that is, which possess neither a positive nor a nega¬ 
tive adaptive value, muy spread diroughout die particular population. 
The smaller die population and the more isolated it la the more likely 
is it that a mutation will become fixed in aU its members and its nor¬ 
mal allele lost. On the other hand the mutant gene may be completely 
extinguished, nnd the mutation wholly disappear. 

Tills accidental increase or decline of mutant genes, resulting in 
spontaneous random variatlona in gene frequencies, has been termed 
genetic drift or the Sewall Wright effect. As a result of genetic drift 
small populations commencing with similar gonetlc structure when 
more or less isolated from one another, even though they continue to 
live under similar environmental conditions, will in the course of time 
come to exhibit certain differences. In diis way the accident of genetic 
drift may produce non*adaptive divergence. Given the inherent vari¬ 
ability of the genic system an important factor in genetic drift is Iso¬ 
lation. Isolation may then be regarded as in itself a condition of evo¬ 
lution. But the determining factor in genetic drift is small population 
site. 

Random local differentiation os a consequence of genetic drift has 
undoubtedly played en important role In the evolution of man, but 
on the whole not nearly es importont a role as natural selection. In 
interaction with natural selection genetic drift has probably been 
responsible for the establishment of a number of adaptively valuable 
traits in the human species. 

In less isolated larger populations genotic drift is of limited im¬ 
portance, owing to the more extended and intensive opposed action 
of selection. 

Hybridization 

By hybridization is understood the crossing of individuals differing 
from one another in one or more genes or characters. 

Two kinds of hybridization may be distinguished, (a) the sexual 
process in general which produces gene recombinations which serve 
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as raw material for selection, genetic drift, etc., this is generaUy refer¬ 
red to as Mendelian rccomhination, and (b) intercrossing of distinct 
populations, Bot)i types of hybridization have played important roles 
in the evolution of manldnd. 

Hybridization between populations leads towards the disappear¬ 
ance of racial distinctness, except insofar os it produces intermediate 
racial groups on geographic boundaries, or within a larger population. 
It is precisely such intermediate groups which under conditions of geo¬ 
graphic or social isolation wiQ develop as geographic races. In short, 
two of the most important processes in the evolution and diversification 
of mankind have undoubtedly been Isolation and hybridization fol¬ 
lowed by isolation. This Is likewise true of most living organisms. It 
is to a very considerable extent through hybridization that the whole 
great process of phenotypical change occurs. When two groups of 
somewhat different genotypes mix, there is an exchange of genes to 
form completely new combinations or systems of gene pairs, Num«s 
ous dominant genes for which the other parent is recessive are supplied 
to the hybrid, so that characters or qualities which would not normally 
be expressed appear, and establish themselves. It is to this kind of 
roerrangement of genes, to heterosis, that the phenomenon of hybrid 
vigor is believed to be due, that is, the condition, as a result of hybridi¬ 
zation. in which the offspring exceed both parents in size, fecundity, 
resistance or other adaptive qualities. In the history of man's progress 
hybrid vigor may have played an important role In infusing new 
strength into long Isolated groups, and in enabling them to adapt 
themselves to changes in environment. In the crossing of contem¬ 
porary ethnic groups however, there is no good evidence of hybrid 
vigor. The gene differences between human populations do not appear 
to be significant enough to produce hybrid vigor, although the off¬ 
spring produced are biologically healthy In every way. 

When it Is stated that hybridization is an important process in the 
diversification of mankind. It should also be obvious that it is one 
of the most important processes in the unification of mankind, for 
hybridization always leads to a union of the characters of the hybridiz¬ 
ing populations in the resulting hybrid population, and to intra-popula- 
tional variation. It Is only when a newly formed hybrid group becomes 
isolated that the new pattern of genes is able to establish itself as In 
some respects a unique population. 

The toerican Negro is an example of the simultaneous differential 
action of botii processes. On the one hand social barriers effectively 
linut his biological participation in the reproductive structure of the 
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white population, and on the otlier hand on appreciable number of 
individuals of Negroid ancesCry are continually entering the ranks of 
the white population. And this In spite of the asyrrunetric sexual rela¬ 
tions which prevail betsveen the two groups, the only relationship (co¬ 
vertly) allowed being between white men ond Negro women. Shickcrt 
(195S) estimates tlio number of "whites” now in llie United States 
with some Nepo ancestry at about 30 million. 

By hybridization there is not simply produced a mixture of genes 
between different populations, but what is vastly more important the 
new combioatlons of genes thus produced expresses itself In a new pat¬ 
tern, something so significantly unlike anything which has appeared 
before as to Justify being called a new typo. Tho American Nepoes, 
for example, exhibit a number of such new typea, und such types are 
also to be seen in the numerous offspring of crosses in Hawaii and else¬ 
where in the world. To keep to the example of the American Nepoes, 
there are three possible ways in which t!ic African Negroes introduced 
into America might have produced a new ethnic group or groups: 
( 1 ) by being freely permitted to marry with members of die white 
population, so that nil diOerencos between Negro and wldto would 
eventually have been completely eliminated through the more or less 
equal distribution of their genes throughout the population, with the 
resultant emergence of a new Nepo-white type; (2) by white men 
mixing with Negro women, whidi has almost wholly been the case 
in America, so that wlule the white population remained relatively 
unchanged, the Negro population underwent modification in tho 
direction of the white type; and, (3) by segregation of the mixed 
individuals as a separate breeding Isolate ^om the relatively unmixed 
Negro population. 

It is quite probable that in die evolution of the geopaphlc races 
of man such processes have been more or less continuously at work. 
Factors such as sexual and social selection may have played a more 
or less consequential part in the evolution of the varying types of mao, 
the tendency in die past, howes^r, has been for many biologists to 
overemphasize the importance of the first factor and to neglect the 
second. 

Sexual Selection 

Ever since Darwin first developed the conception in The Descent 
of Man (l$7l) sexual selection in man has come to mean the selection 
oi die most preferred females by males possessing certain characteris¬ 
tics. the males so distinguished tending to crowd out those moles who 



402 INTRODUCTION TO PHYSICAL ANTHROPOLOGY 

do not possess them in the mutter of leproducdcn. Tl»e traits of such 
males and their preferred spouses arc thus likely to be perpetuated 
tluou^ sexual selection. The traits thus selected by tho successful 
males are likely, in the course of time, to bring about modifications in 
die females, and by this means eventually in die whole population. 
FunctionaUy sexual selection could be defined as the proc'oss of select¬ 
ing mates on tlto basis of n preferred standard of beauty or other 
desirable quality, so tliat in the course of time tlxe sexually picferred 
type would become the dominant one in die group, and perhaps cause 
the non-preferred type to become a separate isolate, or even to die out. 

For example, in a group in which kinky hair was preferred to 
straight hair, the straight-haired individuals would find fewer and 
fewer mates, until the gene for straight hair ceased to exist allogethw, 
or die kinky-haired would mate with kinky-holred, and straight- 
haired with straight-hulred, and thus two dUtinct types would be 
formed. The preference of dark Negro males for lighter females In 
America is an Illustration of the manner in which sexuul selection 
operates to maintain the plwnofypic variability of the Negro skin. The 
preference of brunets of one sex for blonds of the otlwr, and vice versa, 
is an Illustration of how sexual scbetlon serves to maintain a balanced 
distribution of such types. Since the differenllation of liuman groui>s 
could, at least In port, be brought about through the sexual selection of 
traits possessing no survival value, that is, no adaptive value, this is a 
possible factor to be considered in any discussion of the evolution of 
man. Many observers have remarked that in existing literate and non¬ 
literate societies males appear to have a preference for females who 
preserve a certain number of Infantile traits, such as the high fore¬ 
head, high cheeks, long eyelashes, retrousse nose, pouting Ups, shorter 
statur^ and the like. Indeed, this is tho type of female most valued 
by Hollywood and movie-going audiences everywhere. And it may 
well be that dxo selection of such females during tho course of man's 
biological evolution has played o significant role in contributing to the 
present fom of homo sapient. It is, however, difficult to evaluate with 
any degree of security the part that seirnal selection has played in the 
history of man's evolution. When we turn to non-literate sodetCes for 
enUglitenment upon this point, we find that in such societies everyone 
usually marries, but that certainly the roost profident hunter is likely 
to be die most-married. The less desirable males and females, how¬ 
ever, usually have no difficulty in finding a mate, so tliat their charac¬ 
teristics are not eliminated. 

In dvilized sodeties a certain amount of sexual selection occurs, 
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moles principally selecting females for their beauty. The effect of such 
selection if long continued undoubtedly serves to perpetuate Chose 
traits that are considered beautiful. But it should be remembered that 
there will always be a majority of individuals mating who are not 
beautiful, and these will transmit their clxaracteristics to descendant 
generations. 

Social Selection 

By social selection is meant tlie regulation of breeding by ardffcially 
instituted barriers between socially approved Individuals or groups 
within a population, so that mating occurs between individuals prS' 
ferred by such soda! standards, rather than at random. Under such 
conditions strong isolating mechanisms are developed which, in the 
course of time, may produce considerable modiffcadons in a population. 
Where, as in America, titere are a variety of colored populations, black, 
brown, and ’Vellow,*' social barriers more or less successfully tend to 
keep these groups separate from one another and from the white 
population. In tills way such barriers act as isolating mechanisms akin 
to natural physiographic isolating factors, which have a similar effect 
in maintaining the genetic differences between isolated groups. 

We may suggest, then, In broad outline, the means by whlcli the 
evolution of human groups has occurred. Commencing with a single 
genetically relatively heterogeneous population from which small 
groups have separated and become more or less isolated from one 
another, It is possible to see how by the action of selection on intrinsic 
changes in the character of genes and their action (mutaKon) new 
combinations of genes may bo preserved and distributed throughout 
a group and thus serve to differentiate it from others. The selection 
may be cither natural, social, or sexual, or any combination of these. 
In the previous edition of this book we wrote, ‘'As in all other animal 
groups we may suspect that natural selection has played the most 
signiBcant role in the differentiation of mankind. Our suspicion needs 
critical observations to support it. These are, at present, lacking. They 
must be gathered. Studies must be instituted to determine the adap> 
tive value of certain traits. Skin color is one of the most obvious of 
such traits. What is the adaptive value of the different skin colors 
under different environmental conditions? Temperature, ultra-violet 
radiation, humidity, and aridity? To what environmental conditions 
is each skin color best adapted?" 

Skin color remains the unsolved problem it is. but since the above 
words were wrirten our suspicion as to the part played by natural 
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selecdon in tlie evolution of man has been given the strongest con¬ 
firmation by the findings relating to the adoptive value of such traits 
as sickling and blood groups and disease. 

It has been said that the broad-cheeked faces of the Mongoloids 
living in tlie high steppe lands of Asia are well padded with fat. 
Whether tliis is so, in fact, remains to be detennlned. It lias, however, 
been suggested that such a face is very well adapted to tolerate the 
strong cold winds whicli blow in these regions. This is an example 
of the kind of problem which abounds in anthropology, and which 
for the want of the necessary facilities for research goes begging. The 
application of thermocouples to the cheek regions of repiesentative 
samples of Mongoloids and non-Mongoloids ought to be sufficient to 
cell us whether the Mongoloid face is more likely to be resistant to 
windy insults than the non-Mongoloid. 

Brachycephaly, In some populations at any rate, seems to have 
some adaptive advantage over doHchocephaly. But what this advan¬ 
tage may be future research alone can fell us. With a progressive in¬ 
crease in stature, there lias been a progressive tendency to maintain 
the Infantile headform in the adult at a cephalic index of about 81.0. 

Skin color, head form, face form, eye color, hair color, hair form, 
and nose form, are a few of the more obvious traits the adaptive value 
of which has yet to be determined. Until this has been done it will 
not be possible to arrive at a clciir understanding of the manner in 
which these traits have been evolved. 

In addition to natural selection and mutation another important 
evolutionary factor is that of genetic drift or the random variation in 
gene frequencies which tend to occur in partially isolated small popu¬ 
lations. This process is essentially complementary to the action of 
natural selection, and hence may result in the establishment of non- 
adaptivo gene combinations. It has already been remarked that the 
frequency distributions of tlie blood groups give every indication of 
having been produced in this way. It is likely that otlier traits have 
been established in the same manner. Studies in the size of prehistoric 
populations, populations being understood to be breeding units, and 
in the demography of living nonliterate peoples are therefore very 
necessary. The demographic number and the genetically effective 
populatioD are not the same things. The latter, the breeding unit, is 
always smaller. In dealing with man at any stage of cultural develop¬ 
ment it is generally observed that demographically a hierarchy of 
populations obtains. Some being larger than others, occupying larger 
territories, and some being more, effectively isolated, so that exchanges 
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of genes between populations, as well as accidental gene losses, may 
vaiy considerably in rate, number, and land. The isolating barriers may 
be geographic, sheer distance, or social These aro matters which call 
for more detailed study than they have yet received. It has already 
been mentioned that the breeding populations of man in prehistoric 
times were small, rarely if ever exceeding one thousand individuals> 
For example, it has been estimated that the population of England 
and Wales in the latter part of the Old Stone Age probably never 
reached much more than two thousand individuals. Occasionally we 
have direct evidence of hybridization between diverse populations 
such as the “palanthropic" Neanderthaloids and the ''neanthropic” 
types of Mount Carmel. For the rest basic data are wanting and are 
urgently in need of collection. 

Hybridization can eully be overemphasized as a factor in the evo* 
lutlon of man, but It can also bo underemphasized. The problem io 
which wo are primarily interested is to discover how the diversity of 
races arose in the first place. When we speak of hybridization between 
races we thereby state that this diversity already exists. It tells us 
nothing concerning the process of initial diversification. Hybridization, 
however, can bo invoked to explain partially, at least, the origin of 
some intermediate types which may eventually become distinct races. 
On the other hand, there is always the possibility that the intermediate 
types arose by the same mechanisms ns the parent types. Clearly, then, 
the concept of hybridization is one which must be used with great 
caution, since by its misuse it becomes a simple matter to create all 
sorts of so'called '‘secondary races” out of "primary races." 

There can bo little doubt that hybridization has played an im* 
portent role in the evolution of men, but the extent of that role is a 
problem which calls for the kind of investigaticn which has scarcely 
yet been undertaken. The fact that in the course of man's history inter* 
sterile species have not developed would strongly suggest that hy* 
bridlzatlon between geographic roces of man has been the rule. The 
divergent variability encountered in mankind as a whole would thus 
be due to the ensuing simple gene recombinations. This crossing end 
criss'GTOsring of human races has been visualized as a reticulum or 
network, and has been called reticulate evolution. As Huxley points 
out, man's history of progressively increasing "migration and crossing 
has led to a progressive inaease of general variability, 

"Man is the only organism to have exploited this method of evo* 
lution and variation to an extreme degree, so that a new dominant type 
in evolution bos come to be represented by a single world*wide species 


406 


IimODUCTION TO HIYSICAL ANTHROPOLOGY 


instead of showing an adaptive radiation into mnny intersterile species. 
Doubtless this is due to his great tendency to individual, group, and 
mass migration of an irregular natitre, coupled with his mental adapta* 
bility which enables him to effect cross*inatidg quite readily in face 
of differences in colour, appearance, and behaviour wliich would act 
as efficient barriers in the case of more instinctive organisms” (354). 

The whole problem of sexual selection as a factor in the evolution 
of prehistoric populations remains uninvestigated. It has been indi* 
cated Hmt there is good reason to believe that its role has probably 
been overestimated. 

In short, much fundamental work needs to be done before we 
shall understand tho mechanism of ethnic differentiation. The little, 
however, that we Imow of man’s evolutionary history appears to con' 
form to the conclusion established by Sewall Wright that the poten- 
dalides for rapid evolution are greatest in a large species which Is 
separated into partially isolated groups. Such partial discontinuities 
favors diversity by local adaptation and also by genetic drift and the 
establishment of non*adaptive combinations. Tlie fact that the diS' 
continuities or isolates are only partially so, renders considerable the 
variance of the total diversity potentially available to tho species as a 
whole. 

Increase in the availability of this variance hos proceeded at an 
increasingly more rapid rate witliln tho historic period. Dobzhansky 
has pointed out that the merging in the human species of small popu¬ 
lation groups in a more or less freely interbreeding whole may be 
regarded as one of the most important of recent evolutionary events. 
This process today Is being markedly accelerated by the Increasing 
facility of contact between populations or segments thereof. 

As the evidence accumulates the distinctive differences between 
'geneTa** and *‘spedes* of fossil man become less and less marked, just 
as they do for non-buman primates. We begin to suspect that all known 
forms of man. fossil and living, existing at any one time level belong 
to A single polytypic species. 

A polytypic species has been defined as a group of actually or 
potentially interbroeding natural populations which is reproductively 
Isolated other such groups. The actual or potential interbreed¬ 
ing populations ore usually more or less separated by geographic 
barriers, so that an appreciable amount of geographic variation in 
cbancters Is encountered. Such populations are the polytypes, sub¬ 
species. or geographic races which together comprise the species. A 
population may be defined as any contiguously distributed grouping 
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of a single species which is characterized by both genetic and cultural 
continuity through several generations. 

Quite clearly the whole of mankind comprises a single polytypic 
species consisting of a large mimber of geographic races. Exact 
Imowledge concerning the miml>er of human geographic races, their 
distribution, and rate of gene exchanges between them, is virtually 
completely wanting. Tlie data which will lead to such exact knowledge 
remain to be collected. 

The racial variability which mankind exhibits is of the kind whicli 
in a large number of otlier animal groups is known to be peculiar 
to small geograpliically partially isolated populations. Groups of popu¬ 
lations which do not occur together, which exclude caeli other geo¬ 
graphically, are termed ollopatrlc. ?opxilations which occiu- together, 
whose areas of distribution overlap or coincide, aro termed sympnirtc. 
Man is essentially a member of a sympatric polytypic species. Partial 
reproductive separation of small populations mointalned by geographic 
barriers is a necessary condition in the production of the observed 
differences. As Dobxlmnsky says, "Racial differences cannot persist 
if races come to inhabit the same territory, for In such a case the races, 
lacking reproductive isolation, would exchange genes, the differences 
between them would gradually be erased, and finally they would 
fuse into a single variable population.* Now that the world has, in¬ 
deed, become "the same territory" tho amalgamation of all varieties 
of man into a single variable population is but a matter o£ time. It, 
then we aro to understand the manner In which tlicse geographic 
races came Into being before tliis process is completed we cannot 
too long delay the Initiation of the necessary investigations. 

Definition of an Ethnic Group and Major Group 

Tlius far our discussion of the mechanism of ethnic group differ¬ 
entiation has been principally In genetic terms. Wo have seen that the 
manner in which groups of mankind aro formed may best be under¬ 
stood in terms of the processes whereby certain genes acqu^ dif¬ 
ferent frequencies in different Isolates whether or not they are derived 
from the same ancestral population, A species, we saw, may be re¬ 
garded as a more or less genetically closed system because It does 
not regularly exchange genes with other species, while subspecies or 
geographic races are genetically open systems, since they do exchange 
genes with other races witliin the species. Mankind was defined as 
a single sympatric polytypic species. The basis of that definition was 
geographic variation. The varying types of which mankind is com- 
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prised are seen to be the more or less geographically separated repre¬ 
sentatives of a single species. Such geographically separated groups 
were called d^ogrnphic races. The geographic boundaries separating 
such gecgrapliic races are largely continental. The barriers to free 
genoflow ore oceans, seas, and mountain chains. In our own dme we 
observe that die geographic barriers between such races are increas¬ 
ingly breaking down with the result, parCicularJy in Europe. America, 
and latterly in tho Pacific, that there has been much intermixture be¬ 
tween tlie members of all such populations. Gene exchanges between 
numerous formerly separated populations ore now occurring with 
great rapidity. It is no longer possible to distinguish many of these 
populations as geographic races. Hence, in order to avoid the con¬ 
fusion which otherwise inevitably results we need some term by 
which to distinguish recognizable groups of man that are not repro* 
ductively isolated from one another. The genetical definition of a race 
is a population which differs in the frequency of some gene or genes, 
which ts actually exchanging or capable of exchonglng genes across 
whatever boundaries separate it from other populations of the species. 
Such a definition os an onalytic tool Is invaluable, but its usefulness 
for the practical purposes of classification woits upon the analysis of 
data which have for tho most part yet to he accumulated. Races in 
tliis sense have yet to be delimited in man. The truth is that the go* 
nedeel definition of race would admit so many populations under tho 
term as to result in a reductio ad ahsurdam. The problem of what we 
wish to call races is clearly arbitrary. Since most genetic differences 
are quantitaKve we would first have to specify what level of fre¬ 
quency difierence we would accept. Then we would have to consider 
the position with regard to alt loci which have been studied, a com* 
plicated exercise in multivariate analysis which would scarcely solve 
the problem. 

The pre-genetical physical anthropologist has used purely morph¬ 
ological criteria for hi$ classificatory purposes. For example, all black- 
sldnned people vvith kinky head hair were distinguished as belonging 
to the Negroid major group, all white-skinned people as belonging to 
the White or Caucasoid major group, and yellow-skinned peoples 
as belonging to the Mongoloid major group. Within these major 
groups populations were recognized which differed from one another 
in virtue of a more or less statistically distinguishable assemblage of 
physical traits. Such populations were and are still colled races. Un¬ 
fortunately for this form of ‘’race” classification people who look 
alike may be genetically quite unlike In certain significant traits, while 
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people who look unlike tn&y be genetically very like. Furthermore, 
by arbitrarily selecting certain traits and treating them as criteria of 
"race" It is possible to create any number of artificial taxonomic "races,” 
and even to sort tliese out of a single population. As Huxley says, 
"So-called Vadal types* may be mere rccomblnational sogregants, 
thrown up from a highly mixed population, without any continuity 
of descent through the same phenotype or genotype from the original 
stock which they are held to represent.” The so-called "Nordic” ncial 
type is almost certainly such an artificial "race.” If we add to these 
considerations Che political and Idghly emotional distortions which 
the term has undergone during the last hundred years, it becomes 
more than ever necessary to distinguish between the scientific usage 
of tlie term race and its unscientific usage. It is perhaps no exaggera¬ 
tion to say diat no term In the English language has been so coo- 
slstendy misused as the word “race.” In view of oil these facts it were 
better to use some non-committal term which leaves the matter of 
rigorous definition and classification open till such time as the neces¬ 
sary data have been secured. For this purpose the term ethnic group 
has been suggested.* 

Since, in the next chapter, we slutU be giving an account of the 
principal ethnio groups of mankind we may here define the terms 
which ore there Co be used. 

All living mankind comprises die single species Homo eapions, a 
species which consists of a number of populations which Individually 
maintain certain differences from one another by means of Isolating 
mechanisms such as geographical and social barriers. In addition to 
the effects of other influences these diffcrooces will vary os die power 
of the isolating mechanisms vary. Where these barriers are of low 
power neighboring isolates will Intergrado or hybridize with one an¬ 
other. Where these barriers are of high power, such Isolates will tend 
to remain distinct or replace oach other geographically or ecologically. 

Such isolates constitute ethnic groups, which anthropologically ore 
defined os arbitrarily recognized groups whicli in virtue of the pos¬ 
session of a more or less distinctive assemblage of physical traits, 
through a common heredity, are statistically disdoguishable from other 
groups within the species. 

It is observed that most of these ethnic groups tend to form cer¬ 
tain clusters, according to their resemblances in certain characters. For 
example, black skin yields a whole cluster of Negroid groups; white 
slan yields another duster of White or Caucasoid ethnic groups, and 


* For t fuller discussloD of the use of term see Appendix D, pp. 602.^00, 
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yellowish skill the cluster o£ Mongoloids; wliile cboc^olate-brown to 
brownish-white skin associuted with abundant wavy head liaii* yields 
tlie Australoid or Archaic White cluster, These clusCcis of charuc-ters 
suggest tliat some of the ethnic groui« exhibiting them may be» io 
respect of tliose characters, more closely related than they arc to tlio 
members of otlier clusters. As we shall see for this suggesUon there 
is a fair amount’ of fuctiiul support. 

It is customary to call such clusters “stocks.'' 'This term is, how¬ 
ever, objectionable because it suggests an ancestral group from which 
other populations arose. It is, therefore, preferable to use a term 
which suggests its purely arbitrary character, namely, ni<i/or group. 

A major group is comprised of a number of ethnic groups classified 
together on the boats of their possession of certain common characters 
which serve to distinguish that major gimip from others. For example, 
the black skin color, lightly curled hair, and everted lips of the Ne¬ 
groids together constitute a combination of characters which serve to 
distinguish tlio arbitrarily recognised cluster of etlinic groups they 
represent from all other ethnic groups. 

It should be clearly understood that n major group is a purely 
working device, a classificatory convciiwnce arbitrarily created as 
a working hypotliesis. In some cases it does not work, in many otlters 
it does. When and if it ceases to be useful it sliould bo dropped. 

Ethnic group and divisional differences simply represent more or 
less temporary expressions of variations in the relative freqxicndes of 
genes in differciit parts of the whole species. Such a conception re¬ 
jects altogether the alUor-none conception of "tace'’ as a static con¬ 
dition of fixed differences. It, of course, denies the unwarranted as¬ 
sumption that there cast any hard and fast genetic boundaries between 
any groups of mankind and asserts their common genetic unity in 
diversity. Such a conception of the variety of man cuts across national, 
linguistic, religious, and cultural boundaries, and thus asserts their 
essontial independence of genetic factors. 
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Chapter VU 


THE MAJOR GROUPS AND ETHNIC GROUPS 
OF MAN 

In the PBBCBDiNC ckaptek we saw that tlie major and ethnic groups 
of man must be regarded as more or less temporary isolates, which 
may be arbitrarily delimited and distinguished as such. Wo saw, too, 
something of the manner in which such isolates have been produced. 
In die present chapter a brief account will be given of the major groups 
and more prominent ethnic groups of man which have been recognized 
by physical anthropologists. 

It should, however, be clearly understood that the classifleatioD 
here offered is both a tentative and a temporary one, and is merely 
calculated to give the reader little more than the names by which 
he may refer to certain arbitrarily distinguished groups of mankind. 
It must always be remembered that such names are only labels for 
convenient abstractions which help us to appreciate broad facts, and 
that a major or ethnic group is, in most cases, an abstraction which 
exists in our own minds alone. 

The truth is that we know far too little about mankind to be able to 
make any efficient classlficadon of it. Tite older school of physical 
anthropologists utilized a purely arbitrary selection of external or 
phenotypical characters in order to make their classifications. They 
could hardly have done otherwise, but their classifications have never 
been satisfactory for tho simple reason that it is impossible to define 
most populations in terms of external characters alone. I have no 
desire to perpetuate this type of elassification here ox to perpetrate 
another along similar lines. It is, however, the duty of an expositor 
to present the conventional anthropological view of the major groups 
and principal ethnic groups of mankind, before It finally bows grace¬ 
fully out of enstence to make way for the genetlcal analysis of man¬ 
kind. There is, however, a real question as to whether any classifica¬ 
tion of continuously varying groups Into discrete categories can ever 
be anything more than artificial 

The classifier of the ^‘races’' of man has hoped to be able to reduce 
the great variety presented by mankind to some sort of comprehensible 
system. This he has attempted to do by arbitrarily recognizing cer- 
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tain physical disHnctions between groups of mankind, distinctioiis 
based on eWemal characters such as the shape of the head, stature, 
bflir form, hair color, hair distribution, eye form, eye color, skin color, 
and the like. The classiBer has always tried to select characters which 
remained corutant. and which he thought to be largely uninfluenced 
by the environment. By this means the classifier of mankind has gen¬ 
erally been led to a deflnition of “race" which typically takes the fol¬ 
lowing form: "A race is a group of individuals or a population wth 
the same or similar external characters, which have been determined 
hy tlieir common heredity or descent," 

Apart from die fact that such a definition would logically lead to 
the recognition of a red-headed race, a color-blind race, and a deaf- 
mute race, it makes possible the arbitrary creation of any number of 
“races” on the basis of any physical characters the classifier chooses 
to select. Furtliermora, it obscures buic facts, and does not aclually 
achieve what the classifier sets out to do, for such a definition does not 
delimit his ^races’* from either species or even genera. Finally, the 
notion of common heredity or descent seems Inavltobly to lead to the 
utterly erroneous idea of "pure races." the like of which there never 
were. The realities of the situation are that human groups represent 
not static but fluid aggregates characterized by very variable charac¬ 
ters in process of undergoing more or less constant change. For this 
reason It has been difficult for the practical demand of the classifier 
to be met that the “races” of man be well limited and well defined 
units. Tlie approach to the problem of raciatlon In man has, In the 
past, been unsound, for unfortunately the description of external 
characters can tell us very little concerning either the genetic history 
or present relationships of the groups desedbed. Hence, the real 
Interest of the physical anthropologist must be in those dynamic proc¬ 
esses whereby human groups come to exhibit the kind of variability or 
changes they now display. ClassificaHon regarded as a preliminary 
step in the service of this interest is to be welcomed. 

The reason why systematic exercises in the classification of ex¬ 
ternal cliaractcrs can never succeed in elucidating the relationships 
of different groups of mankind to one another is, as we have already 
more than once pointed out, that it is not assemblages of characters 
which undergo change in the formation of the individual and of the 
group, but single units which affect the development of those charac¬ 
ters, ie genes. The fact is that there is no such thing as a “race” in 
the older conventional sense or in the popular sense. We have already 
seen that geographic and local races of mankind do exist, and that 
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genetically the process of rndaHon may best be understood in terms 
of die frequencies with which the genes in interaction with the total 
environment, express themselves in varying distributions of pheno¬ 
typical characters, the degree of signiRcant associntion of which is best 
assessed by statistical methods. 

In the genetic sense a race may be defined as a breeding population 
diifering in the incidence of certain genes from other populations 
within the species. Such a population is actually or potentially ca¬ 
pable of exchanging genos across whatever boundaries separate it 
from other populations. It is a gcncgroup. 

Since the same types of physictil characters mny have very dif¬ 
ferent origin9> the only way in which their origin can be traced is 
by tracing the distribution of the genes determining them, that is to 
say, by the very opposite method by which the classification below 
has been arrived at. this classification represents an attempt to reduce 
the classificatory schemes of the older school of anthropologists to 
a single simple scheme, combining both the vices and the virtues of 
most of them. It is based on certain external physical characters which 
are specified below, and whici) are very roughly capable of distin¬ 
guishing the groups described. The reader should bear in mind that 
this, together with most other classifications, based on external charnc* 
ters alone, is a highly debatable one, and will very probably eventually 
turn out to be more or less nonsensical. Finally, the reader should 
remember that description is not analysis. 

Bearing these cautions in mind we may now proceed with the 
attempt to give some of these abstractions some semblance of form. 

THE MAJOR GROUPS OF MANKIND 

Three major groups of mankind may be distinguisbed: The Ne¬ 
groid, the Caucascld, and the Mongclcid. As a subdivision of the 
Caucasoid larger than an ethnic group may be distinguished the 
Australoid or Archaic Caucasoid sub-complex. This classification is 
based upon the common possession by each of these groups of a few 
physical characters which, in general, serve to distinguish them from 
one another. These characters are: Skin color, form and character of 
the hair and its distribution, form of the head and proportions of the 
body. 

The Negroid Division 

Among the Negroids die skin is typically dark brown, but is often 
black, and even yellowish-brown in some groups. The head hair varies 
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from tightly curled to pepper-corn in form (sparsely distributed tufts), 
and as a rule there is a marked paucity of hair over the rest of the 
body (glabrousoess). The head is long* the nose is broad and flat with 
wide nostrils, the ears smAll, there is some prognathism (forward 
projection of the upper jaw), and the iJps are thick and everted. 

The development of a deeply pigmented skin was probably early 
diffused throughout the group, for It Is highly probable that the black 
skin ha# pros'on of distinct survival value to peoples Uving in hot humid 
climates, In assodatien with this type of skin there occurs a large 
number of sweat glands which, by their excretion, serve to reduce 
the temperature of the body, and which in addition serve to maintain 
a salty film of moisture over the skin which assists to keep it cool. 

There are a fairly large number of Negroid groups which are 
anthropologically known, but a still larger number which are anthro¬ 
pologically unknown, In general Negroids may be classified as African 
and Oceanic. Under African Negroids may crudely be distinguished 
the following ethnic groups: 

The Triie Negroes 

Tlie Forest Negroes 

The Nliobc Negroes or Nilotes 

The Half*Hamites or Nilo-Hasnites 

The Bantu-Speaking Negroes 

The Bushman 

The Hottentots 

The Negrillos 

Ceographie Distribution of African Negroids 

A line drawn from the mouth of the Senegal River on the West 
Coast of Africa through Timbuktu to Khartoum in tho Anglo-Egyptian 
Sudan, and from thence down to the western borders of Abyssinia 
around to the south-east, and finally from the Juba River to the Indian 
Ocean, divides Africa into a northern light-skinned third inhabited 
by Haxnitic and Semitic speaking Caucasoids, and a southern two- 
thirds essentially Negroid. 

Admixture among the peoples and cultures of these two great re¬ 
gions has been more or less continuous for many generations. 

The Hamiies. The influence of ffie Hamitic-speaking peoples has 
been considerable upon Negro Africa, much more so than the more 
recent influences of the Semitic-speaking peoples. A few words are 
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tlifirefore Decessary concerning tho Basic Mediterranccm HamitiC' 
speaking peoples, usually called HamiCes, though '‘Hfamitic’' is a lin* 
l^istic and not a physical category. The so*cal]ed Hamites are di¬ 
vided into two major branches, the Nortliem and the Eastern. 

The cradle-land o£ the Hamites is generally agreed to be Asiatic, 
perhaps the Arabian peninsula or even further cast. 

The Northern Hamites include the Berbers of Cyrenaica, Tripoll- 
tania, Tunisia, and Algeria (the Libyans), the Berbers of Morocco, 
the Taureg and Tibu of the Sahara, the Fula of Nigeria, and tl»e ex¬ 
tinct Guonche of the Canary Islands, 

The Eastern Hamites are composed of die ancient and modem 
Egyptians, the Beja, Nubians, Galla, Somali, Danakil, and most Ethio¬ 
pians. 

Among the Hamites skin color varies nil the way from white to 
black; head hair varies from straight to frizzly; the face is never prog*, 
nathous; the Ups vary from thick to thin, but ore almost never everted 
as in the Negron there is, in general, a paucity of body hair, The head 
is mesocephalic (cephalic index 76.0), and stature is medium, about 
1.65 m. (five feet five inches). The Hamites are more fully described 
on p. 456, 

The True Negroes 

The home of the so<alled True Negroes is West Africa, from the 
mouth of the Senegal River to the eastern boundary of Nigeria, with 
the French Sudan, some part of the Cameroons and the Congo repre¬ 
senting the central and southern extensions of the type. (The re¬ 
mainder of Negro Africa consists of Negroes hamitidzed to a greater 
or lesser degree, namely, the Bantu, the Nilotic Negroes or Nilotes, 
and the Half-Hamitei. 

The physical characters of die true Negroes may be summarized 
as follows: Sldn black, hair wooHy, nose broad and flat, average height 
1.73 TO. (five feet eight inches), thick often everted lips, moderately 
bng head (cephalic index 73-75), considerable prognathism, body* 
build burly, relatively long-legged, long-armed. 

New World Negroes. The New World Negroes for the most part 
represent the somewhat mixed descendants of true Negroes of West 
Aftican origin, and some northwestern Bantu. In general the New 
World Negro differs from the Old World Negro in the following ob¬ 
servable features: Greater height, larger cars, lighter pigmentation, 
and a narrower nose. These differences, and others, are due to ad¬ 
mixture mostly with whites. 
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FJgurt 178. A Nilotic Negro of the Tegela People of the S«den, (Courtesy, 

de rHomine» Peril.) 


Tlio Forest Negro 

Over a wide orea of tropical Africa, exteadlng front the Senegal 
River In the west to the Sudan, Uganda, and Northern Rhodesia in 
the east, and in the south to Lower Angola, there occurs a rather 
hairel-chested, short-legged, loag-anned, stocky type of Negro char* 
RCteriwd by a markedly protrusive lower face, retreating chin, promi¬ 
nent cheekbones, and a somewhat sloping forehead. Hie head is 
generally long (dolichocephalic), the root of the nose low, and the 
bridge flat, '^e lips are markedly everted. Stature varies consider¬ 
ably, averaging between, 1.65 m. (five feet five inches) to 1.78 m. 
(five feet nine inches). It Is supposed that the forest Negro is closely 
related to the pygmies who live witliin part of the range of the former 
in the equatorial forests of Africa, especially in the Congo region. 

The Nilotic Negroes or Nilotes 

The long-legged, slim, tall, very dork inhabitants of the Sudan 
and the Upper Nile Valby are long-headed (cephalic index 71-74), 
and the face is not as protrusive nor the forehead as sloping as in 
the forest or true Negroes. Average height is 1.78 m. (five feet ten 
inches) or slightly more. The nose is generally broad, but in some 
groups narrow, as among the Somalis and the Shilluk, and though 
die hair remains woolly, the evidence of Hamitic admixture is dear. 
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Tlie probabilities are Ihut tlie Nilotes roprosent the result of ad¬ 
mixture between true Negroes or Negroes of the forest type and some 
early Hamitlc or Ethiopian stock. The Hamitic type is best seen In 
the Shilluk of the west bank of the Nile of tire eastern Sudan, and also 
among the Dinka, titc Kaviiondo, Jaluo, and others. Westermanns 
classification of the Nilotes on linguistic grounds conveys some idea 
of the peoples involved. 

1. The HJsh Nilotic group comprising Mlttii, (iiad{» Abuk&ya, Atoka, Luba, 

Wira, L«ndij, and Moru. 

2. The Middle Nilotic vtoup. comiWsliig Sltilhik, Anuak, Bdr, Jur, Belnndn, 

and minierous other peoples d £arte» Uganda, AchoU, Uango, Atnni, 
and Jalue. 

3. The Low Nilotic group, comprising Dinka and Nuee. 

In view of their appreciable Hamitic admixture the Nilotes arc 
sometimes spoken of as Negroids rather than Negroes. 

The Half'Hamites or Nilo>Hamites 
The Half-Hamites or Nilo-Hamites are limited to East Africa and 
East Central Africa. They occupy the greater part of Kenya Cobny, 
tliat part of tlie Uganda which runs northwards to the Sudan bound- 
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P'i^re 176«. Old HoUeiUot Man &nd Woman. $oulh*Weat Africa. (From 
L. Schultz, Au 9 fiatiiaUind und Kaiahcrt, 1907. Courteay, Gustov Plochor, 

Jena.) 

nry. as well as much of the northern portion of Tanganyika Territory. 
The HolMiamites are the result of mixture of Homite with Negro. 
Typical Half-Hamite tribes are the Masai, the Nandi group (com* 
prising Nandi, Kipsigis, Keyo, Suk, Barabaig, and Dorobo) and the 
Teso group (Teso^ Kuman. Karamajong, Turkana, and Toposa). 

Skin color varies from light chocolate to very dark brown. Some' 
times the skin is described as having a reddish tinge. The hair is 
woolly, the nose varies from broad and flat to moderately narrow, 
the lips are usually full but not everted, the cheekbones high, prog* 
nathism slight, average stature is about 1.73 m. (five feet eight inches), 
while the Ba'Hima of the Uganda are extremely tall. On the whole, 
however, the Half*Hamitcs are not as tall as tlie Nilotes. The head 
among the Masai, Nandi, and Turkana is long (cephalic index 73-74). 
but the cephalic index among the Suk is about 77 (mesocepbalic). 

The Bantu-Speaking Negroes 

*The Bantu-Speaking Negroes" is a phrase which embraces a 
great conglomeration of peoples inhabiting the enormous expanse of 
territory which includes central and southern Africa, A line drawn 
from the mouth of the Rio del Rey a little south of 4* N. lat., on the 
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Figure 17fib. Adult male end femnle Bushmon. (Courtosy, Dr. M. 

GusJndd.) 


west coast to the mouth of the Juba River tt little below the equator 
43* long., demarcates the upper limits of the distribution of the Bantus 
or BantU'SpeakJng Negroes, who thus occupy the southern two^thirds 
of black Africa. I^e phrase describing these peoples is a very crude, 
purely temporary one, and Is merely used for convenience In order 
to refer to a fairly large number of African peoples of differing physical 
type who have thus far been insufficiently studied by physical anthro¬ 
pologists, and of whom it Is at the present time not possible to give 
a satisfactory account, nor even to say of how many ethnic groups 
they may be composed. As a whole they are customarily described as 
follows: Hair of usual Negro type, skin color varies from yellowish- 
brown to black, though dark chocolate is the prevalent hue, average 
height is 1.97 m. (five feet six inches), the head is typically dolicho¬ 
cephalic, though mesocepholic groups occur, some with lower stature. 
In the ’Hypical Bantu” the skin is usually less dark, stature shorter, 
head less elongated, forehead flatter, prognathism less marked, nose 
generally more prominent and narrower than in the true Negro. 

The Bantu-speaking peoples of central and southern Africa present 
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a great varicly of tyT>es. They uro essentially Negro peoples mixed 
with Hamitic, Negrillo and in tlie south, with Busliman-Hottentot 
elements, A rough classification on geographical, cultural, and his¬ 
torical bases, makes it possible to group the Banbi as follows: 

1, eastern Bantu; from Ugondo In the norlh, through Kenya Colony, T«n- 

ginylko Tmttoo'> Northern Rhodwii, Nyawland, and Mosaunblque north 
of the Zambesi. 

2. Southern Boniu; South of the Zamhwl and Korene Rivers, covering the vast 

area which Ineludw Southern Rhodesia, the southern half of Moiamblquo, 
eut and ceotwl parts of the Union of South Africa, Swaziland and Bechu- 
anoland Ptolcctoroles, Basutoland, and South-West Africa. 

3 Wettem Bonlu: From the Allaoclc north of iho Kureae River to North-West 
Rhedoaia and the Rift Valley <the line of the Great Laltee), end extend¬ 
ing in llio noTth*weet to French West African posseesions and the South¬ 
ern Cemorooru. 

Bushmun 

The Bushman is now mainly confined to Southern Angola, the 
central nnd northern parts of the KaUhnri Desert, and the northern 
half of South-West Africa, where Tobias has esUmated tliat somo 
50,000 survive- In earlier times, os evidenced by rock-paintings and 
other typical Bushman artifacts such as digging stick weights of per¬ 
forated stone, the ancestors of tl»e contemporary Bushman once 
occupied the greater part of tropical East, East-Central, and Northern 
Africa, as well as Uganda and Southern Sudan, and the whole of 
South Africa. 

The Bushman presents so distinctive an appearance as to be dis¬ 
tinguishable at a ^ance from all other Africans, save the Hottentot, 
The average height of the Bushman is 1,58 m. (five feet two Inches), 
but there are a large proportion of pygmold Individuals, and also many 
tall ones. They arc slightly built, with well-shaped limbs and small 
Itands and feet. Arms and legs are long in relation to length of trunk 
—possibly an example of Allen’s rule. On the head 12 to 20 hairs are 
either tightly coiled into spiral tufts or little rolls termed '‘peppercorn,’* 
which seem to leave bare areas on the scalp. The body is almost 
completely devoid of hair, though a sparse growth on the face is gen¬ 
erally present; the head is mesocephnlic (ceplialic index 75-76), the 
face small, broad and flat, and somewhat pentagonoid. There is gen¬ 
erally DO or only a very slight protrusion of the lower face. The entire 
integumentary upper lip is of medium height and arches convexly 
forward, while the membranous lips vary from medium thick to thin, 
and axe light rose In color, they are not as thick or as everted as in 
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th« typical Negro. Tlie nose is short and flat and very broad, seen in 
profile it appears concave. The root of the nose is usually deprejrsed. 
The cheekbones are broad and prominent, tho forehead is eidter ver« 
tical or bulging, and usually narrow. The chin is pointed. Tlie eyes are 
set rather wide apaiY, and the opening be^veen the eyollds is narrow, 
often appearing slightly oblique owing to the remarkable fullness of 
the upper lid, and the fact that a prominent fold of skin usually curves 
round from above ft to tlie side of the nose and completely covers 
the medial angle of tho eye, the so<alled Mongoloid or epicanthic fold. 
The ears are small and circular or squorisl), and usually lobeless. Skin 
color varies from light yellowlsh*brown to reddish- and copper-brown. 
The sWn is very dry and lean, except on the upper parts of the thighs 
and especially the buttocks which, in the females particularly, are fre¬ 
quently the seat of immense deposits of Cut forming, as one wit has re¬ 
marked, A sort of morphological bustle, a condition biown ns steato* 
pygjQ. It has been suggested that this trait is of some adaptive value, 
the fat thus laid up being drawn upon during periods of starvation, 
thus helping to sustain life. This suggestion is, however, contradicted 
by tho fact that under ccndJtions of starvation, and in otherwise 
emaciated women, the deposit of buttock fat is not selectively utilized. 
In both sexes the forward lumbar curvature is greatly exaggerated. 
In the females there is a peculiar elongation of the labia minora, the 
so-called “Hottentot apron" or “loblier ^gypiien.'* There is a suspicion 
that this may be a form of artificial genital deformation. Steatopygia 
is apparently net as weU developed among the Northern Bushman os it 
is among tho Southern Bushman; according to Gusinde tho Northern 
Bushman of both sexes develop only a more or less noticeable lordosis. 
The Bushman skin characteristically falls into deep wrinkles and folds, 
especially on the face, even in fairly young and well-nourished indi¬ 
viduals. In males the norma) position of the penis is horizontal rather 
than pendulous, and the scrotum is contracted. 

Skin color, skin wrinkling, broad cheekbones, eye and nose form, 
the presence of a so-called Mongoloid sacral spot in infants, are traits 
which have suggested to some students that the Bushmnu is the result, 
among other things, of a Mongoloid admixture. It has been suggested 
that the Bushman is the descendant of a group which draws its origin 
from inteimixturc of the so-called Boskop type (see p. 259) with a 
Mongoloid group, and some pygmoid group, possibly also with some 
early proto-Hamitic stock. All this is, however, speculative to the 
highest degree. How such a suggested admixture came about, if it 
ever did, no one knows, though there is some hope that future studies 
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Figure 179». Young BujUman Fenule and Youlh. (Courtwy Dr. M. 

Giuinde.) 


will throw more light upon what is at present an anthropological 
enigma. The alleged Mongoloid influence is, in spite of superficial 
tppearaocea, a good Illustration of the dangers involved In attempt¬ 
ing to deduce ancestral origins and relationships from extern al char¬ 
acters, Tlie akin color of the Bushman conforms to Cloger's rule that 
yellowish- or reddish-brown pigments prevail in hot arid climates. 
Since the Bushman type in the form of the Boskopoids (see pp. 259- 
263) Is known to have lived in the southern half of Africa at least 
since the Middle Pleistocene, their skin color is almost certain to 
prove to be not a trait inherited from some conjectured Mongoloid 
ancestor, but an adaptation to tlie climate of a desert or seml-deaert 
nature. In connection Cusindc states, "The bodily form of the 
Bushman-roce clearly shows a remarkable adaptation to their desert 
environment; the light color of their skin blends well witli their desert 
surroundings; their light weight, debcate structure, and bng legs 
render possible prolonged running in desert sands/' 

Since there are many Bushmen with flat nasal roots who do not 
possess an epicanthic fold, while there are others with well-developed 
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Figure 179b. HolcenlM Wonun showing itMtopygiti. {Courtly, do 

rHoTDTne, Paris.) 


nasal roots wbo do exhibit it, the epicanthlc fold in the Bushman is 
therefore not related to a Bat nasal root, but is inherited as an inde* 
pendent trait, the genes Involved for eplcanthic fold and nasal root 
being independent entitles. 

The blulsh'gray so caUed Mongoloid sacral spot seen in the Bush* 
man infant is not unique to Mongoloids, for It occurs in 90 per cent 
of Negro infants, and it also occurs in some white and American 
Indian Infants. In short, there Is really no reason whatever (o assume 
a Mongoloid component in the ancestry of the Bushman. Ibe flat root 
of the nose, the epicanthic fold, die regional deposition of the fat, 
the haiilessness of the body, and the general diaracters of the skull 
ore all fetallzed or neotenous traits (see pp. 2fi5>316). When we turn 
to the A-B*0 blood group frequencies in the Bushman we observe 
the following typical picture, die tribes are the Auen and Kung of 
South-West Africa: 
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The Strikingly low B gene frequency of the Bushman is in marked 
contrast with the high B gene frcqueDcics of Mongoloids. On morpho¬ 
logical and serological grounds the Buslimen are essentially Negroid, 
probably descended from an ancient Negroid stock from which they 
remained isolated for n sufficiently durable period of time to undergo 
tlie genetic changes that now distinguish them. 

The Hottentots 

Scattered over the western part of South Africa, in what was 
formerly tlieir homelsmd range from the Kurene River in the north 
to the Cape Peninsula in the south, and extending inland to the Kei 
River, live tlie remnants of the Hottentots. Tlie Hottentots are physi¬ 
cally scarcely distinguishoble from the Bushman, the chief points of 
difference being a taller average stature of 1.62 m- (five feet four 
inches), a longer narrower head (cephalic index 73), and a some¬ 
what more prognathous face. There are also some blood group fre¬ 
quency differences, as follows: 
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It will be seen that while Bushman and Hottentot resemble each 
otlier in most blood group frequencies they differ significantly in the 
frtquency of the B gene, occurring as it does about diiee times as 
frequently in the Hottentots as it does in the Busliman. 

The Hottentots arc believed to be the result of admixture between 
Bushman and early invading Hamites, from whom they received the 
linguistic and cultural traits that distinguish them from the Bush¬ 
man. It is considered tlmt the admixture occurred in the north, pos¬ 
sibly in the region of the Great Lakes, and that tlie Hottentots reached 
South Africa long after the Bushman had established himself there. 
The surviving Hottentots in South-West Africa are estimated at about 
24,000. The Hottentot of the Cape hybridized with Europeans and East 
Indian slaves, and constituted the basis of the present “Cape Coloured,*' 
“Griquaand "Rehoboth half-breeds." 

Because of their close physical relationship the Bushman and 
Hottentots are becoming better known as the KhoiKm, the first half 
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of the term (actually bdng derived form the Hotteotot’s 

own name for themselves, the second half (San) from their name for 
the Bushman. 

The Pygmies 

At one time some anthropologists regarded the pygmies as the 
most primitive surviving branch of mon^nd; otliers, with even less 
justification, inclined to assign that rank to the Australian aborigines, 
but whatever the truth may be dte fact is that we know of no early 
types of man tlmt in any way resemble the pygmies, and there cer* 
toinly seems to be insufficient reason Co regard them as primitive 
simply because they are short and inhabit either marginal, island, or 
central areas, that is, refuge areas. The evidence suggests that they are 
best regarded as relatively early variants of the Negroid major group, 
from which tltey differ In a number of important features. 

Average stature Is 1.42 m. (foiu feet eight Indies), hair is black 
and woolly, skin color varies from yoUowish*brown to blnck, the nose 
varies from broad and Hat to straight and moderately broad witli 
the tip upwardly directed, the upi>er lip tends to be deep and con* 
vex, the lips in general are moderately thick, eyes rather large and 
prominent, face short, the body Is often covered with a light downy 
hair, the head normally varies between meso* and brachycephaly, but 
dolichocephalic types occur both in Africa and New Gulneui botli 
markedly prognathous and slightly prognathous types are known to 
occur. 

The pygmies have an interesting distribution, being found in the 
interior of the Malay Peninsula and East Sumatra, in the Andaman 
Islands in the east of the Bay of Bengal, in the Philippine Islands, in 
Netherlands New Guinea, and in the Congo region of Equatorial Af* 
rica. On the basis of this geographic distribution together with cer* 
tain associated physical diffierences the pygmies have been dlstin* 
gulshed as falling into three groups, namely, the African, the Asiatic, 
and Oceanic groups. The African pygmies are known as NegriUcs, the 
Asiatic and Oceauic pygmies being known as Negritos. Several distinct 
ethnic groups may be recognized. 

The African Pygmy or Negrillo 

Among the shortest of the pygmies with an average height of L.43 
m. (four feet eight and a half inches), the African pygmy is a native of 
the equatorial forests of the Congo, typically he has a short trunk, short 
legs, and long arms, woolly dark rusty-brown head hair, yeUowish 



Figure 180. Three Hottentot girli. The one on the right i$ the ofispring of a 
Hottentot mother and a white father of Europeao origin, (Courtesy, Mus^ 

de I’Homine, Paris.) 




THE iJAjOU GROUPS AND ETHNIC CROUPS OF MAN 433 


Figure 181. A young Andaman male. 


(Courtesy, Mus4o de lUomme.) 
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Figure 132. Young NegiUo Aeu male, from Zambnies, Lus^n, Philippine 
lilendi. (Couiteey, Mue4e do THomme, Paris.) 


downy hair oa the body, ordin&Hly black hnir In arm*pits and on pubea; 
the skin though frequently very dark includes reddlsh*yelIow and 
yeUowUh'brown shades. Tho head Is mesocephaJlc (cephalic index 
79.0), the face short and broad. The nose is very Hat and broad, the 
wings of die nostrils being both broad and high, the most characteristic 
feature of the nose being that it is both broad and overhanging at the 
bp. The eyes tend to be protuberant, the upper jaw prognathic. Cranial 
capacity is 1,300 c.c. Gates suggests that the Negrillos have arisen 
(lirough inbreeding of individuals heterozygous for a simple dwarf 
mutation. 

The Asiatic Pygmies or !^egfitot 

Andamanese 

Inhabitants of the Andaman Islands in the east of the Bay of 
Bengal, the Andamanese or Mincopies are a well'proporboned people 
of an average height of 1.48 m. (four feet ten inches); the woolly 
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hail is black in color, with a red<liah tinge, body bnir is very scanty, 
skin color varies from bronze to sooty-black, the head is brachyceplialic 
(cephalic index 82.5), the face is broad at the cheek bones, the Ups 
are full but not everted, the faws do not project, the nose is straight, 
and not fiat. Cranial capacity is 1,269 c.c. 

Semang 

Inhabitants of the central region of tl)e Malay Peninsula and of 
East Sumatra, the Semang are of an average heiglit of 1.52 m. (five 
feet), well-proportioned, mcsocephalic (cephalic index 79.0), the black 
head hair is woolly or frlzrJy with a reddish tinge, body hair is scanty, 
skin color dark cliocolate brown, the face round, the lips not thick, 
the nose flat and broad, the upper faw slightly projecting. This is 
the type which lias been described as ‘‘infantile*; die adult type is 
long-faced, relatively thin-lipped widi a narrower-looking nose, short 
torso, and longer extremities. Cranial capacity Is 1,338 c.c. 

Tlie Philippine Negritos 

Inhabitants of the widely scattered regions of Luzdn, Mindanao, 
Palawan, Panay, and odier Philippine Islands. As typical of the Philip- 



Figure 163. Map showing the Ethnological Divirions of Oceania. 
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pine Negrito we may coiwider the Aela, who roprojcnt die dominant 
number and are probably purest ia type. Tliey are inhabitants of die 
nortlwimmost of the larger PhiUppine Islands, namely, Luzdn. Tlie 
Aeta have an average lieight of 1.42 m. (four feet eight inches), the 
frizzly head hair is dark brown to black in color, and is frequently 
abundant on face and body; sWa color is sooty brown; the head is 
brachycephalic (cephalic index 82), the nose short, flat, and broad, 
the Ups moderately tliick. Cranial capacity is 1,415 c.c. 

Th€ Oceanic Pygmtas or Nagriioa 

New Guinea Pygmies 

Inhabitants of the central range, through almost the whole length 
of New Guinea, the average height of the New Guinea pygmies is 
1.445 m. (four feet nine inches), the head hair is black and woolly, 
and is abundant on face and body, skin color is yellowish-brown, the 
nose is short, broad, and flat, the upper Up is deep and convex, the 
head varies from dolichocephalic to mesocephaUc. 

The superficial resemblances of the pygmies have inclined many 
Students to consider them as closely relat^. Their peculiar distribution 
would tend to support this view. The significant differences which 
now characterizes each of the known pygmy groups may be due to 
isolation and some admixture with the peoples in the regions in which 
they have lived, and in which they now Uvc. 

There is a certain amount of evidence which indicates that the 
representatives of a widespread pygmeid stock formed the earliest 
populations of Malaysia and the Pacific Islands. The peculiar distribu- 
tien of the pygmies, in marginal or peripheral areas, at the extremities 
of contineDls, as the Andamanese on the islands of the southern extrem¬ 
ity of India; in central areas, as the Semang of Malaysia, the New 
Guinea, and Congo Pygmies; and the Philippine Pygmies is very sug¬ 
gestive. It looks as if these are the "refuge areas" left to peoples that 
at one time had a much wider distribution. On the other hand, it is 
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Figure JS4. Skulb of the Centrel Afrlcen Negilllo, South African Buihmen, 
and Ajidaroan Negrito. (From Sullivan, Courteey, American Muaeum of 
Natural Hblory> New York.) Top rotor Vertical view showing the rfaom* 
boidal contour, parietal eminences, and narrow frontal region. The brain- 
cases overhang the face and cheek hones so that these are not visible. The 
proportion of the breadth to the lengtli is greater than in most other 
Negroid groups. Middle row: Frontal view shovring the low, broad nasal 
opening. In the Andaman skull the nasal opening is somewhat narrower 
and higher, and note the great height of the orbital openings in the Anda¬ 
man skull and the Negrillo skull. The faces are small in comparison with 
the size of the braincase. Bottom row: The Negrillo Is prognathous, the 
Bushman orthognatbous, and the Andaman only slightly prognathous. The 
foreheads are vertical In all three, but markedly so in the Bushman. The 
occipjtal regions are projecting, and the mastoid processes are small in all 
three skulb. These skulb all appear rather juvenile, with the Bushroan most 

stiildsgly so. 
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quite possible that the different pygmy populations have in some or 
all cases arisen independently <k one anotlier as a result of gene 
mutation in eoviroDments favoring small stature. The blood group 
frequencies of tlxe pygmies are interesting but not very illuminating, 
oltliough, as will be seen from Table XlSl, with the exception of the 
Andaman Islanders, there is a certain consistency between them. 

Oceofuc fftgroUU 

The Oceanic Negroids are inhabitants of the territory of New 
Guinea and the great group of islands extending to the east all the 
way to the Fiji Islands. The natives of the New Guinea region are 
known as Papuans, and are said to be more strikingly Negroid than 
those who inhabit die numerous Islands extending to the east, the 
Melanesians. The distinction, however, is perhaps rather more geo¬ 
graphic than physical. Strictly speaking the terms Papuan and Mela¬ 
nesian refer to two languages rather than to physical types. Though 
superficially resembling African Negroes in their general charac¬ 
ters, the Oceanic Negroes differ from the former in several par¬ 
ticulars. Tliey are. on Ihe whole, less pedomorphic than the African 
Negroes. Hair tends to be more abundant and less tightly colled, the 
lips less ddck and everted, the jaws less protrusive, and the chin less 
receding. The forehead Is rounded and not so sloping, and the nose is 
often strongly hooked. 

Papuans 

Tlie Papuans are said to be the more Negroid of the Oceanic Ne¬ 
groids. There Is, however, no evidence at all that they differ in any 
signiffcant manner from the Melanesians, and it is best to recognize 
th^ as a geographic rather than as a physical group. 'Hiey cannot 
be treated as linguistic groups since Melanesian is spoken on the 
south-east and parts of the north-cast coast of New Guinea. If the 
term Tapuan*' be retained it must be on the strict understanding that 
it refers to Melanesians who are natives of the whole island of New 
Guinea, and not merely limited to the south-eastern part of the main¬ 
land, which is today Imown as Papua. Many distinct local types are 
recognizable, such as the pale-skinned Hula, the stalwart brown Huon 
Gulf people, the pygmy Buangs, the black New Georgians, the tall 
dark Klwai, the stoclq' yellow-brown Hagen people, the slightly taller 
Chimbu, and the slender Bena-Bena. 

Hair is black, somewhat frizzly, and abundant on the face; the 
nose is broad, often prominent and convex, with tip frequeody turned 
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down, skin color is dark diocolate or sooty brown, Avemge height is 
about 1.68 m. (fivo feet six inches). Long-headed and broad-headed 
types occur, the forehead sloping with fairly marked brow ridges, the 
lips are of medium thickness. 

Melanesians 

Hair usually frizzly, hut sometimes curly and even wavy, usually 
slight on face and body; skin color Is dark chocolate, sometimes very 
dark, sometimes copper-colored; stature is short to medium; long- 
headedness prevails generally, forehead rotmded, and brow ridges 
usually not prominent; nose somewhat broad, sometimes straight with 
less fleshy tip. 

The Dielributien of tho Nogrotd* 

The markedly discontinuous distfibution of the Negroids presents 
an interesting problem. Africa and southeastern Asia and Oceania 
are ^uito a long way from one another. The Negroids of today arc, 
generally, poor seafarers; were their ancestors so, too? It is difllcult 
to say. Melanesians often make voyages by sea In small outrigger 
craft of 50 miles or more. There is no reason to suppose that their 



Figure 185, Frontal and right lateral views of Papuan male, aged 35 years, 
from New Guinea. (Courtesy, Musie de I’Homme, Paris.) 
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ancestors could not do likewise. It is Quite possible that the Oceanic 
Negroids are tlw result of Negrito and Archaic White admixture. 

Evidences of a very ancient Negroid substratum in the existing 
peoples of India, Burma, Assam, Persia, and Arabia arc not wanting. 
The persistence of Negroid types among these populations suggests 
the possibility that a Negroid population once inhabited soutliem con¬ 
tinental Asia, and that migrant groups from tlds population eventually 
populated the areas to the east and west, while in the continental 
homeland the Negroid population wns absorbed by other groups in 
intermixture. 

The Australoid or Archaic Caucasoid Sub*DivisIon 

Into this sub-division fall four of the most interesting varieties of 
mankind, the Australian aborigines, the VeddnliS of Ceylon, the Pre* 
Dravidian peoples of India, and the Ainu of Japan. These four groups 
bear a close resemblance to one another, and to the so-called ‘Svhite" 
or Caucasoid peoples. The evidence of their physical characters, of 
their geographic distribution, and of pre-history, suggests a consider¬ 
able antiquity for these four groups, while from their physical char¬ 
acters alone It seems clear that their nearest affinities are with the 
Caucasoids, and that they ate best regorded as a Caucasoid sub¬ 
division. 

The Australian Aborigines 

The Australian aborigines are frequently regarded as physically 
the most primitive of the surviving ethnic groups of man. This belief 
is based largely upon the fact that the skull is considered to present 
certain •primitive" features, such as the relatively large size of the 
palate and teeth, the fairly pronounced brow-ridges, small cranial 
capacity, sloping forehead, and receding chin. The Australoid skulls 
found at Wadjak in Java, and tije Wadjak-llke skull found at Keilor 
in south-eastern Australia, suggest an Asiastlc origin for the Austra¬ 
lian aborigines. Unfortunately, there Is neither archeological nor any 
other kind of evidence which tells us how long the aborigines have 
been in Australia. The highly mineralized Talgai skull found in Queens¬ 
land in 1SS4 is of doubtful age. The Xellor skull thought to be of Middle 
Pleistocene age has been fixed by radiocarbon daring at 6,546 ±250 
years. The Cohuna skull, found in 1925 some 10 miles south of the 
Murray river in Victoria is almost certainly recent Save for the great 
crania] capacity of Keilor (1,593 c.c.) none of these skulls differs In 
any way from that of the modem Australian aboriginal. The question 
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Figure 1S7. Frontal and left laternl viewi of young Auatrallon abmlglnal 
femalO' (Courteay, Musie de I’Homme. Paris.) 


of t])o antiquity of the aboriginal in Australia is quit« open, and no 
one at the present time knows the answer to it. 

In his external features the AustraUan aboriginal presents the fol* 
lowing oharactcrs: Head hair is wavy, but curly, woolly, and straight 
forms are not infrequent, varying from light brown to block in color. 
In children the hair Is sometimes very light brown, and occasionally 
quite fair, but it usually darkens before adult age is reached. Facial 
and body hair are abundant. Tl)e head is dolichocephalic (cephalic 
index 73.0), the vault is gable-shaped, and the cranial capacity about 
1,230 c.c. The forehead is sloping and the brow*rjdges extremely well 
developed. The nose is broad, depressed at the root, Beshy at the 
tip, but otherwise not flat but quite prominent; the ears arc largo and 
long; the face is rather short, the lips full but not Negroid; there is a 
moderate degree of prognathism, the chin is weak. Skin color varies 
from a reddish to a chocolate brown Stature is very variable, averag¬ 
ing about 1.65 (five feet five inches). 

Several morphological types have been distinguished, the (Cau¬ 
casoid) Murrian type of southeastern Australia, the (Melanesian* 
Papuan) Garpentarlan type of the Gulf of Carpentaria, the Desert type 
of Central Australia, said to be a blend of the Murrian and Carpen- 
tarian types, and the Negrito-like Tasmanoid types, the Barrineans 
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near Lake Barrine, of the ralA forest rofuge areas in the Caiios and 
Atherton districts of Northern Queensland. 

'Hie Australian aborigines may bo explained as an archaic Cau* 
casoid group modified in the Negroid direction by admixture with some 
Negroid group on the one hand, and some Oceanic admixture on the 
other, Tlius, possibly triliybrid in origin, the Australians remain 
dominantly Caucasoid, a view abundantly supported by the fact drat 
when Australian aboriginal and white are crossed the hybrid loses 
most of die typically "primitive" characters of the aboriginal. That the 
earliest Australoids were of Asiatic origin is rendered probable by 
the existence of groups bearing a striking resemblance to the Austra* 
lian aborigines both in their physieal and blood group characters in 
central and southern India (Pre*Dravldians), in Ceylon (the Ved< 
dahs), and in Japan (dio Ainu). 

The extinct Tasmanians, the last of whom (see Figiu^ 169) died 
in I$76, wore physically chiefly distinguishable from die Australian 
aborigines by virtue of their rather woolly Negroid hair. The Bass 
Straits, between Australia and Tasmania represents a distance of 120 
miles. 



Figure 1S6. Frontal aud right lateral views of Tasmanian male. (Courtesy, 
Musie de I'Homine, Paris.) 
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Figuro 189. Tmgaiiinf, female Tasmanian aboriglnAl. She was the last Tee* 
tjinnfu)) to survive, dying May 8,18T6. Frontal end lateral views, (Courtesy, 
Tasmonian Musetim. Hobart, Tosmonia,) 


The VeJdfthi 

The Veddaha of Ceylon are a people of amoJl body si 20 , tlie over* 
age stature being just l.5£ m. (five I^C), Head hair is black with a 
reddish tinge in some cases, fine and wavy or slightly spirally colled, 
except for a sparsely distributed growth of hair in the chin region, 
and an even more sparse attempt at growth on the upper lip, the rest 
of the body is totally devoid of the adult type of hair, except at the 
pubes and the arm*pics, If any hair is present it is of the infantile 
type, Imown as lanugo. Eyebrows are feebly developed, and eye¬ 
lashes are sparsely represented. Skin color is chocolate brown, and Is 
very "matt*' in appearance; the head is the smallest to be found in 
any living hominid group, the average cranial capacity being 1,2^ c.c. 
in the male, is very dolichocephalic (cephalic index 70.5), the fore¬ 
head is slightly sloping, and the brow ridges are only moderately 
developed, though they may be quite prominent in some individuals, 
tliere is no protrusion of the lower face except occasionally^ the lips 
are of medium thiclmess. and the chin generally somewhat receding; 
the nose is depressed at the root, but below this rises to form a squat 
triangular eminence, with expanded wings with rounded nostrils, 
opening forwards as much as downwards, the tip is often depressed. 
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the face short and broad. The characters of the skull bear very stdk* 
ing resemblaDces to that of the Australian aboriglual, and interestingly 
enough, to that of the Bushman, but ns in so mauy other characters 
the closest affinities of the Veddahs are with the PrO'Drovidian peoples 
of central and southern India; craniologically there seems to be ao 
difference between them whatever. In this connection it should be 
recalled that the island of Ceylon is merely a detached portion of the 
southern mainland of India. 

The Pre>Drevidjans 

The Pre-Dravidians of central and southern India constitute the 
oldest and most primitivo populations of that land, and comprise many 
local types which differ in some degree from one another. While now 
mainly limited to the Deccan (southern India) and to Central India, 
there is reason to believe that the Pre-Dravidlans formerly extended 
their range over the greater part of India. At the present time the Pre^ 
DravidJons make their homes, for the most part, in the jungles. 
Typical tribes are the Kadlr (who arc somewhat Negroid in appear* 
aace), the Kurumba, Paniyan, and Irula of the Deccan, the Bhil, 
Cond, and Kandh, of northern central Indio, and tlio Oreon and Ko* 
larlan of Chota Nagpur. Like the Veddah the Pre*Dravldians are 
rather short the average stature being 1.57 m. (five feet two inches), 
the hair is very dork brown to black in color, varying from wavy to 
very curly; hair on die rest of the body is very scanty, though facial 
hair may provide a moderate beard; skin color is black, the head Is 
dolichocephalic (cephalic Index 73.0), the nose very broad, depressed 
at the root, and flat, the forehead is somewhat sloping, the brow*Tidgos 
but slightly or moderately prominent, some protrusion of the lower 
face is present, and the lips are often quite thick, wliile the chin is 
generally somewhat receding. 

The physical characters of the Pre-DravidJans strongly suggest ad¬ 
mixture of a Negrito with a Proto-Australoid type at some early period 
in their development. 

A very closely related Pre-Dravldian type is to be found fn tfie south¬ 
ern portion of the Malay Peninsula, this is the Sakai or Send, a people 
who live mainly in southern Perak and northern Selangor. Head hair is 
long, wavy or curly, while some individuals have hair which very 
closely approaches frizzly, the hair U black with a reddish tinge, skin 
color varies from yellowish-brown to dark brown, the head is meso- 
cephalic (cephalic Index 78.0), the nose broad and flat, prognathism 
is sU^t, Ae chin somewhat receding, the lips moderately diick but not 
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Figure 190. Map showing the avenge bead indkea the recent populations 
q£ Eastern Asia, Australia, and Oceania. (From Weidenraicb. Courte$y> 
Uoivereiry of Chicago Press.) 
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everted; the average height faUs jii$t short of 1.51 m. (five feet). The 
Sakai, on the whole, support die suggestion of a Negrito*Proto*Austra- 
loid ancestry. 

The Ainu 

Known generally os the "Hairy Ainu” because tho men are allegedly 
cliaracterized by the heaviest growth of facial and body hair to be 
found in any form of man, the Ainus have a brownish-white skin, wavy 
dark-brown or black hair, a short moderately broad nose, thin Ups, 
well-developed jaws and chin, a short broad faoe, and a mesocephaUc 
head (cephalic index 76,6). Average height is 1.58 m. (five feet two 
inches), and body build is thick-set, Tho Ainu were at one time tliought 
to have constituted the original population of Japan who were driven 
northward by the Japanese. Archeological studies do not support 
this hypothesis. It is thought by some authorities (Sternberg, Komeda) 
that the Ainu may always have lived on Hokkaido and Saklmlin. Two 
possible routes of migration have been suggested: (1) through Siberia 
direct to Hokkaido, and (2) along the southern coasts of Asia to the 
Malay peninsula, Okinawa, and finally to Hokkaido. Tlie Ainu are 
now confined to the northern Island of Yezo (Hokkaido), and Sakhalin 
Island further north. Tlie total population numl>ers approximately 
15,000, with less than three pei cent exhibiting the typical phenotypical 
Ainu characters. 

A resemblsince of the Ainu to the Australian aboriginal has often 
been remarked. A large proportion of Ainus show some evidences 
of Mongoloid admixture, but the Caucasoid types with a good hair-cut 
and a shave would pass unnoticed on a European sliecl. The char¬ 
acters of the Australian aboriginal would appear to be those of an 
Ainu-like type that had been mixed with a Negroid. The resemblance 
of Ainu and Australian may be quite fortuitous or it may not. It is 
possible that the Ainus represent a fairly ancient stock, and that some 
early Ainu-like population after a history of intermixture with Ne¬ 
groid groups became the inhabitants of Australia. 

In view of the fact that the Ainu type is found represented in more 
or less appreciable numbers throughout almost every European popu¬ 
lation'—two famous men who show a superficial, though quite fortui¬ 
tous, resemblance to the type are Charles Darwin and Tolstoy—it 
seems probable that the Ainu were once a very widespread people or 
else that they made very strong contributions to some of the peoples 
who later wandered into Europe; the former seems the more likely 
hypothesis, and it may be that the future will reveal that the long- 
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negleced Ainu pl>y*d 8 far greater in the pretetorio rettlament 
of Europe than i$ at present su£pected. 


The Caucoeoid MajoT Group 

Thir division of mankind Is often called VWle." Th® ™ 

£r,“rL“i,sr:r-=K 

'‘’‘HeS“bari!tually wavy, but ranges from silky straight to various 

v!k and bridge, the cheek-bones are generally not prorni- 

and ^Xs tend to L thin. The face is orthognathic or sttalght. 
r ^smaller than in most oth» peoples, the forehead 

hish and the chin well developed, 

■Cf are a |eat number of Caucasoid ethnic groups, here again 
wa?rm^ti^®^Dly the most represont.Uve of them. These are as 

follows: 
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Mediterranean 

The various groups embraced under the term Mediterranean com¬ 
prise a number of local types which may be regarded as subgroups 
within the Mediterranean ethnic group. The reason for giving these 
various groups the common name “Mediterranean" is that the type it 
describes, and which these groups comprise, is actually constituted by 
the populations which fringe the MedKerranean sea, and radiate out¬ 
wards in all directions from that region as far as Nortliem India. Thus, 
Portuguese, Spaniards, Frenclimen, Italians. Creeks, Turks, North 
Africans of many kinds, many Arabians, Iranians, Afghans, and Indians 
arc all peoples having physically much in common with one another. 

Skin color varies all the way from tawny wldte to light or medium 
dark-brown, the predominant complexion is best described os dark 
brunet white or olive skinned; hair is dark brown or black, and varies 
from a very light wavy form to a loose curl; hair on the face and re¬ 
mainder of the body is moderately well developed. The head is gen¬ 
erally long, the face generally oval and orthognathic, there being little 
or no protrusion of the jaws, the lips are moderately full, the chin is 
either weakly or moderately developed. The forehead vcrtica], and the 
nose high-bridged and generally narrow. The average lieight is 1.62 m. 
(five feet four inches). 

While the Mediterranean ethnic group is remarkably homongene- 
ous, it is convenient to recogni?^ three sub-groups as follows: 

Basic Mediterranean 

This type is best seen in Portuguese, Spaniards, Italians, and in 
some English and Welsh; in North Africa in the Hamide speaking 
peoples (discussed on p. 456) such as tlie ancient and modem Egyp¬ 
tians; in Arabia, and among the Berbers of Morocco. To this type 
belonged the basic Jewish population of Palestine. According to Coon 
the piuest present day nucleus of this type is to be found in Arabia. 

Average hciglit Is about 1.65 m. (five feet five inches), head dolicho- 
and meso<epha]ic, straight narrow nose, slender and somewhat deli¬ 
cate build, and light brown complexion. 

Atlanto-Mediterranean 

This type forms the principal element in the population of North 
Africa, and is strongly represented in Iraq, Israel, parts of Arabia, and 
the eastern Balkans. It also forms the principal element, in varying 
degrees of mixture with Negroids, throughout the whole of East Africa, 
and is represented in small numbers in Portugal, Spain, and the British 
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isles. Tall, long-headed, straiglxt to convex-nos^ while-skinned, and 
rather more robxistly built than the Basic Mediterranean. 

lrano*Afghan Mediterranean 

The principal element in the population of Iran, Afglianjsttm, and 
the Turkoman country, occurring also in ports of Indja, Arabia, and 

Nortli Africa. , . u * 

Tall, long-faced, high-headed, hook-nosed; complexion » brunet 

with some blondism. 

The “Nordec" 

The so-called “Nordic" is a Meditenanean with very light skin, 
fair hair, and blue or gray eyes. The conventional descripHon of the 

typo is ai follows: , . ,. 

The hair may be either blond, yolbw, very light brown, or reddish, 
and is slightly wavy to curly in form; facial and body hair is sparse. 
Skin is £orid or pinkish-white, eyos blue or gray; the head Is long 
but of medium breadth in relation to its length (mesocephalic 7^79), 
the face is long and its bones strongly developed^ the nose is fairly 
prominent, straight and narrow. The chin Is well developed Md 
prominent. Tlie average lieight is 1.72 m. (five feet eight inches). The 
average cranial capacity is about 1,350 c.c. or 1,400 c.c. 

The "Nordic” is often said to be the characteristic type of Scandi¬ 
navia, but the same type occurs in varying frequencies in Iceland, the 
Frisian Islands, the British Isles, Belgium, the Netherlands, and in 
the north central European plain, embracing Russia on the East, and 
Poland and Northern Germany on the west. There has been much 
speculation as to where tlUs alleged racial type originated, the most 
favored argument being that which suggests that tho elements whicli 
entered into its formation came together in the early Neolithic some¬ 
where in north central Europe, It has been further suggested that the 
depigmentation of the ‘Nordic” represents a mutation from the 
Meditenanean stock, but since those characters, the white skin and 
lightly pigmented eyes, arc well known to occur quite frequently in 
true Mediterraneans, the appeal to mutation is quite unnecessary, It 
is possible that the action of natural selection, isolation, and such 
factors as random variability in favor of blondism, the action of sexual 
and social selection have been Involved in the development of the 
"Nordic" type, but it seems quite as, if not more, likely that the type 
represents a mere recombinational segregant thrown up from a highly 
mb:ed population. This is a matter upon which certainty is not at pres- 
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eDt possible, but it does seem likely that the type originated within 
the populations of various parts of Europe not once but several times, 
and that there never was at any time in the history of man a distinct 
T^ordlc" race. In short, it is likely that the T^ordic" type is nothing 
but a color segregent of Meditemoean stock, its strongest afBnities 
being with the Atlanto-Medlterranean subgroup of that stock. Cer* 
tainly, the practicQ of arbitrarily extracting such individuals from the 
populatlocs in which they occur and Uunping them together in an arti¬ 
ficially created group called 'Nordic** would scarely seem to be a 
defensible procedure. 

The recent cult of the “Nordlc“ in Germany, where the type occurs 
less frequently than In any of the other lands of its distribution, csm 
only be regarded os an unfortunate perversion of thought, for there 
are no anthropological grounds whatever upon which the notion of a 
“superior*' Nordic race could be sustained. The discussion of such 
maRers must, however, be deferred for consideration to the next 
chapter. 

Alpine 

One of the most round-headed members of die Causasoid major 
group is the Alpine, the breadth of the head generally being over 
65 per cent of its length. It Is possible that brochycephalization was 
introduced Into European populations by the Alpines, though it will 
be recalled that it wu already encountered among the Mousterian 
Neanderihaloids of Krapina. 

The Alpine stock receives its name from the fact that the type 
tends to be concentrated along a line extending from France east¬ 
wards along the Alps, down through the Balkans, east Into the moun¬ 
tains of Asia Minor, and from tlionce north-west into Russia and 
Siberia. The type, however, occurs sporadically throughout Europe. 

Situated as they are betwcon Nordics to the north and Mediterran¬ 
eans to the south there has been, as would be expected, a great deal of 
admixture with these ethnic types, so that the Alpine has taken on 
many of the characters of hJs neighbors, the only two more or less 
consistendy associated ^araeters remainiog to him being brachy- 
cephaly and a sallow complexion. 

The typical Alpine is broad and high-headed, with somewhat high 
curved occiput, verticsd forehead, moderately to strongly developed 
brow-ridges, more or less roundish face, with prominent nose which 
has a tendency to broadness, and “blobbiness" at the tip; the face is 
orthognathic, there being no protrusion of the jaws, and the chin is 
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Figure 191. DiAgTAm showing the Bifljor And ethnic groups of mAo usuelly 
recognized, together with certiin of their physical charectert. This diagnun 
is simply intended to provide a useful approximation to facts which ore at 
present not capable of accurate description. 


well-developed. Skin color is sallow, and not quite as dark sis in 
Mediterraneans, hair color is chestnut-brown to black, frequently 
blond, and generally straight though sometimes wavy in form, hair is 
very abundantly distributed cpver the body, being especially heavy 
on the face. Average height is about 1.65 m. (five feet five inches), 
and the build tends to be sturdy rather than stocky. The popular con- 
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ceptioR of the Frejtclyrian’s appearance provides a good example of 
the type. 

The origin of the Alpines is unknown, and in the present state of 
our knowledge speculation is not of muclx help. Some think that they 
originated in Asia, wliile Coon believes that tltey may represent a west 
European upper paleolithic survival, somewhat reduced in head and 
face size. What's the truth 'Hs hal'd to say! 

Dinarfes and Armenoids 

The Dinarics and tlic Armenoids as customarily classihed by tl>e 
physical anthropologist afford good illustrations of tlie kind of error 
into which the investigator may fall when he relies upon external 
characters for the criteria of his classifications. The principal character 
by which these two types have been distinguished from related types 
is the extreme flatten Ing of the occiput (planocclpitaly) which is asso¬ 
ciated witli extreme round-headedness (hyperbrachycephaly) and 
high-headedness (hypsicepholy). It ]m recently been shown that 
these traits are largely, probably entirely, due to the cradling habits 
of these peoples. It appears that planocclpitaly is due to the length 
of time that die Infant's head has remained relatively immobile. Ewing, 
Ehrich, and Coon have independently shown that, in most cases at 
least, the occipital flattening is due to local cradling practices (tying 
the infant down, flat on its back, for a yeor or so). Ewing found 
that in Lebonon-bom Moronltes the average cephalic index was 88.3, 
while in American bom Maronites the index was 7d.4. The conclu¬ 
sion that the Lebanese custom of cradling was responsible for tlie 
hyperbrachycephaly of the Lebanon-born Maronites was inescapable. 

Ehridi tested a series of 851 subjects almost entirely from Monte¬ 
negro, and found that except for the independent variable of arti¬ 
ficially deformed heads, the so-called Dinaric type proved to be in 
no way different from the rugged Atlanto-Mediterranean type. Coon 
subsequently arrived at the same conclusions with regard to Albanians 
with deformed and undeformed heads. 

These findings reader invalid the three major diagnostic characters 
upon which the recognition of distinct Dinaric and Armenoid types 
was based. They also illustrate the dangers involved in relying upon 
certain external characters which by tradition are believed to have 
some stability. It is today known that bones are among the roost plastic 
of living tissues, the bones of the head being no exception (as witness 
the ease with which orthodontists are able to move teeth within the 
jaws). 
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Ewing, Ehrlclx and Coon conclude that while one cannot exclude 
the possibility of planocclpitaly occurring genetically, it is no longer 
possible to apply the names Dinaric and Annenoid, as lutherto defined, 
to races in the genetic sense. The terms, if they may be used at all, 
can only be applied to types having a certain appearance (phenotypes 
not genotypes). In this sense the Dinaric and Annenoid typer may 
be describe as follows: 

Dinaric 

The so'Called Dinaric type, sometimes called the Adriatic or Illyrian 
occurs in a range from east Switzerland through the AtistrJan Tyrol, 
and south through Yugoslavia to Albania. The head ranges from high 
mesocephaly to moderate brachyoephaly, the forehead runs all the 
way from strongly sloping to high and vertical, with well-developed 
brow-rldges. A remarkable feature of the Diiroric face, which is long 
and deep, is the long prominent, generally convex nose usually with a 
fleshy tip. Tlielips $xt of medium fulness, and the chin well-devebped. 
Hair color varies from brown to black, and halt form from straight 
to wavy and sometimes curly, but lighter hair, skin, and eye colors 
are very frequont The Dinarics are remarkably tall having an average 
height of 1.72 m, or five feet eight inches. 

The Dinarics have undoubtedly a considerable Atlanto-Mediter- 
ranean component, an Alpine, and probably also an appreciable Iranc- 
Afghaniau one. Beyond the mountains they extend to the north-east, 
being found in some numbers in the Hungarian region, while to the 
south they are a major clement in the Po Valley where, with the Alpines 
proper, they have introduced a considerable brachycephalic strain 
into Italy as a whole. Unquestioned Dinariclzed types are also to be 
found in the dominantly brown and round-headed population of Asia 
Minor and Syria. 

Armenoid 

In Asia Minor to the east and the south-east of the Black Sea, 
that is in Armenia and north-eastern Turkey, is found the highest 
concentration of a type closely resembling tlxo Dinaric, namely, the 
Armenoid. It occurs with varying frequency throughout Asia Minor. 

The Armenoid head ranges from high mesocephaly to moderate 
brachyoephaly. The nose Is prominent and convex, and is remarkable 
for the length and fleshiness of its tip—a characteristic which occurs 
more frequently among the females than the males. The cheekbones 
are rather well develop^ the lips moderately full, hair abundant and 



THE MAJOR GROUPS AND ETHNIC GROUPS OK MAN 


455 


dark browo to black in color, and sliglitly wavy to straight In fonn, 
eyebrows and beard in the males are especiully thick, the former often 
meeting over the root of the noso. The average beiglit is 1.67 m. or 
(five feet six inches) nnd body-build somewhat stocky tending cowards 
corpulence in middle nnd old age. 

That the Armenoid represents a blend, but possibly in different 
i proportions, of the same ethnic groups and sub-groups as have entered 

into the composition of tlie Dinarics would seem probable. The differ¬ 
ence may lie in the lesser Atlonto-Mediterruncon component, and the 



Figure 19£. Map showing the average bead indices of the recent populations 
of Europe, Africa, and Western and Central Asia. (From Wejdenreich. 
Courtesy, University of Chicago Press.) 
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greater Irano-Afghanian clement whicli, with some Nordic and Alpine 
elements, has entered into tlie composition of tlxe Armenoid type. 

Tl)6 Hamites 

The H*unites or Hamitic*8peakldg peoples, it has already been 
pointed out, are esscntjally Basic Mediterraneans, bound together by 
die Hamitic group of l angu ages and a basic skeletal similarity. Tlie 
languages are spoken over about one-fifth of Africa, with forly-soven 
stock languages and seventy-one dialects. Tltc range of the Hamites 
is, however, more extensive tlian this, embracing the greater part of 
North Africa and a large section of East Africa, The Northern Hamites 
tend to be rather more Caucasoid in appearance and to form a some¬ 
what more homogeneous type dian the Eastern Hamites who have, in 
most coses, a greater Negroid admixture, Among both the Northern 
and Eastern Hamites ore to be found some of the most beautiful 
types of humanity, 

The Northern Hamites consist of the hfediterraneon Berbers of 
CyrenaicA, TrlpoUtenna, Tunisa, and Algeria, together often referred 
to as the Libyans; the Atlantic Beibers of Morocco such os the Kabyles; 
the West Saharan Berbeit, tho Tuaregs; the Tlbu of East Sahara; the 
Fiila or Fulani of Nigeria, and the exinct Guancho of the Canary 
Islands, 

Tlie Eastern Hamites comprise the ancient and modern Egyptians, 
now much mixed witli Semltlc-epeaking (Arabic) elements, the Nu¬ 
bians, Beja, Galla, Somali, Danakil, and most Etldopians. 

It luu already been stated that skin color varies all the way from 
wliite to black, and head-hair from straight to frizzly. Body hair tends 
to be sparse. The head is dolichocephalic (cephaUc index 75.0). The 
nose is straight, arched, or aquiline; the elonpCed oval face is never 
prognathous, the chin is pointed, the lips vary from thick to thin, but 
are seldom everted. Body build is slender, stature about 1,65 m. (five 
feet five inches). 

Physically and culturally the influence of the Hamites has been 
considerable upon Negro Africa, Seligman saying that "the civiliza¬ 
tions of Africa aro the civilizations of the Hamites, its history the 
record of these peoples and of their interaction with the two other 
African stocks, the Negro and the Bushman.” 

East Baltic 

In northeastern Germany, Poland, the Baltic States, and Finland, 
Aere occurs a rather variahle though well-difierentiated type which. 
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from the region in which it is chiefly concentrated, is known as the 
East Baltic type. While there is some variation in the pigmentary 
factors and in other characters, the typo is characterized by its feeble 
pigmentation of hair, skin, and eyes. The straight bead*halr is best 
described as tow-colored, having reached the maximum degree of 
depxgmentation—outside albinos—known in tlie human species; fedal 
hair Is moderately developed but body hair is usually sparse; skin 
color is generally a tawny white; the eyes are very gray or light blue, 
Tho head is very brachyccplwlic, ratl^er flat at the back, the forehead 
is broad and high, the cheekbones fairly prominent, and the angles 
of the lower jaw rather widely separated; all these characters give the 
head and face a rather squarish appearance, hence the name "Square¬ 
heads” for the type, The chin is weU developed, the brow ridges 
moderately well developed; the nose, while quite prominent, is gen¬ 
erally broad at tho wings, somewhat short at the tip, so that tho 
roundish nostrils are directed forward, and in profile Is characteristic¬ 
ally concave. The Cerman Junker class of East Prussia, as represeutod 
in particular by tho Cerman general von Hlndenburg, is a good exam¬ 
ple of the type, It Is the type which is often miscalled *Nordlc” by tho 
Germans. 

The composite nature of tho East Baltic typo is obvious, but the 
ethnic elements which have entered into that composition and pro¬ 
duced it have thus far escaped anthropological analysis. Alpine, 
Atlanto-Mediterranean, Lapp, and some Nordic strains have been sug¬ 
gested, but these are merely speculations. 

The Lopps 

The Lapps live In Northern Scandinavia, in the highlands of 
Sweden, the tundra of northern Finland, the Norwegian coastal prov¬ 
inces of Troms and Finnmerk, and occupy a great part of tho Kussian 
Kola Peninsula. With other etlmfc groups of the circumpolar itone they 
share many features in common. Tlte Reindeer Lapps live in the forests 
and mountains, the Sedentary Lapps live along the coast and rivers. 
At one time the Lapps were classified with the Mongoloids. As they 
have become bettor known anthropologically it has become clear that 
they are, from a classificatory point of view at any rate, more domi¬ 
nantly Caucasoid than Mongoloid. Some anthropologists believe that 
the original ancestral Lapps may represent a stage in the evolution of 
both Upper Paleolithic Euiopeaus and the Mongoloids (Schreiner, 
Coon). 

Ihe head form tends to be braohycephalic, with an average cephalic 
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index of 84.0. Tl:e forehead is usuaHy narrow and steep and often 
exhibits bilateral frontal eminences; supraorbital ridges are usually 
absent. A remarkably short face, with an average nasionmenton height 
of 112.0 mm (as compared with 125,0 mm for Norwegians and Finns), 
is a charactoHstic Lapp feature. The shortness of the face is largely 
due to the feeble develoinnent of the upper and bwer jaws and the 
small teeth, there is little or no prognathism. Tbe faoa is moderately 
broad (140.0 mm} and well within the Caucasoid range; daring Mon¬ 
goloid cheek-bones are rarely encountered* though they tend to project 
forward prominently. The nose 1$ moderately broad, with a concave 
bridge, and a peculiar snubbed or pointed up-turned tip; the lips tend 
to be moderately thin, The eyes are widely separated, set in low orbits, 
and rarely overhung by a Mongoloid fold. In about two-thirds of 
Lapps skin color varies from grayish yellow to yellowish brown, and 
in these the hair is mostly dark brown or black and the eyes dark; in 
those with light hair and eyes (about a third) skin color is as light as 
that of any Scandinavian. Hair color is most frequently dark brown or 
black, and usually straight or slightly wavy, it Is rarely of Mongoloid 
type; facial and body lialr is sparse, Tlio Lapps are a short people, 
average height being 159 m (5 feet 3 inches). 

Tlie Lapps have undoubtedly mixed to some extent with Swedes, 
Finns, NoTwegfons, East Baltics, Russians, and Samoyedes, neverthe¬ 
less they remain a distinctively recognizable ethnic group. 

IndcvDravidians 

Distributed very widely throughout India and Ceylon is a basically 
Mediterranean people who exhibit some evidences of Negritoid, and 
possibly proto-Australoid, admixture. The head form varies from 
doliobo- to braebycephalic, the cephalic index averaging 74.3; the fore¬ 
head Is usually rounded, the supraorbital ridges moderately developed, 
the face narrow and of medium length, with Uttle or no prognathism. 
The cose is of moderate) breadth, fairly prominent aod straight in pro¬ 
file, somewhat depressed at the root, and the wings somewhat flaring; 
the lips are moderately fuU, but not Negroid. Stature averages 1.64 m 
(five feet four inches). Skin color varies from light to dark brown; 
hair is usually black and slightly wavy, though straight hair is quite 
frequent and frisly hair also occurs; facial and body hair is sparse. 

Here, too, the basic Mediterranean character of the Indo-DraWd- 
iaos is brought out by the fact that the hybrids or crosses between 
Europeans and Indo-Dravidiens, are indistinguishable from basic 
Mediterraneans, except in skin color, which may be a little darker than 
is customarily found in the latter. 
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A familiar offshoot of tUo Mediterrancnn Indo-Dravidians are the 
gypsies Or Romanies, These peculiar peoplo are descended from out¬ 
cast groups who wandered westward into every corner of Europe, 
where tliey have fn the last thoitsand years remained a foreign popula¬ 
tion in the midst of western peoples and customs. Fundamentally 
IndO'Dravidlan Mediterraneans, they have to a certain extent been 
modified in physical type by admixture witli westera peoples. Their 
language basically remains a modification of Sanskrit, with many in¬ 
corporations fiom western languages. 

Polynesians 

A line drawn from Hawaii in the north to tlie Fiji Islands in the 
Southwest, and thence to New Zealand, then to Easter Island in the 
east, and finally hack to Hawaii, will embrace the whole of the vast 
area of Polynesia. In this ares of the Pacific lives a far-flung branch 
of the Mediterraneun stock, the tall, handsome peoples culled Poly¬ 
nesians. 

Tlie Polynesians are predominantly brachycephalic, high-headed, 
with slightly sloping forehead, fiattish occiput, and with long broad 
faces, fairly prominent cheek bones, a prominent nose somewhat broad 
at the wings of tho nostrils, lips of moderate fullness, and chin well 
developed. Skin color is generally light brown, hair color dark brown 
to black, and head hair is slightly wavy, occasionally straiglit, rarely 
curly, and in some individuals frizzly. Body hair is very sparse. 
Very rarely a Mongoloid fold over the medial angle of the eye Is 
present. The average height is obout 1.72 m. or five feet eight inches; 
body build is muscular with a strong tendency to corpulence towards 
middle age. 

Essentially Mediterraneans, tho Polynesians would appear to have 
undergone some admixture both with a Negroid and a Mongoloid 
stock, the former may have been Melanesians, the latter possibly al¬ 
ready much mixed Mongoloids or people with only slightly developed 
Mongoloid characters. 

In the Hawaiian Islands admixture between the native Polynesians, 
Mongoloids, and Caucasoids has been proceeding apace, so that a new 
ethnic type is gradually emerging. Tl^ new ethi^ type is seen in 
individuals, it is far from characteristic of the Hawaiian population 
as a whole, though in the course of time it may become so. A great 
variety of hybrid types axe to be seen in Hawaii today, a part of the 
world in which intermixture between different physical types and 
different cultures is proceeding at a more rapid rate than in any other 
region of the earth. The results of this admixture, both physically and 
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culturally, constitute!? a living testimony to the benefits of ethnic mix* 
hire. 

At this point we may appropriately turn to an account of the Mon* 
goloid major group of man. 

The Mongoloid Major Group 

Tlie skin has a yellowish tinge but is really a yellowish light brown, 
head hair is generally black and straight, each hair is very large in 
cross*section. Tliere are fewer hairs per square centimeter of skin and 
face, and body hair is less developed than in any other variety of man. 
The head is generally brachycephalic, the average cephalic index being 
85.0, but meso' and dolichocephalic groups occur, the forehead is of 
medium height and rounded, and the occiput projecting. The brain is 
among the largest in the human species, a cranial capacity of 1700 c.c. 
being quite frequent. Tlie nose is fiat or low at the root, the bridge 
Is low, and the wings of the nostrils of medium spread; lips are of 
medium fulness, and the chin well develoi>ed. The face tends to be 
remarkably finttened in most groups, and the gonial angles of the 
lower jaw everted in some. The cheek bones are very strongly devel¬ 
oped, projecting forwards and laterally. The incisor teeth tend to be 
shovebshaped, scooped out beliind like a scoop shovel; the tooth^bear* 
ing portion of the upper jaw has a marked toudency to project sliglitly 
upwards and forwards, to give the uppcoranco In many individuals of 
‘buck teeth." Tliis is seen in its most extreme form in the Japanese, 
and is also very frequent in die Chinese. But the trait which above 
all others gives the typical Mongoloid his characteristic appearance is 
the fold of skin from the upper eyelid which lies over tho inner angle 
(eanthus} of the oye or extends over the whole of the upper eyelid, the 
internal eplcanthic or complete so*cal]ed Mongoloid fold, a character 
which gives the eye its slit-like appearance (Figure 211, p. 575). Stat* 
ure averages about 1.66 m. (five feet five inches). 

The skeleton of tho classic Mongoloid type is very delicately made, 
even down to the character of the sutures of the skull which, like those 
of the infant skull, ore relatively smooth and untortuous. In fact 
the Mongoloid presents so many physical traits which sue associated 
with the late fetus or young infant that ho has been called a fetalized, 
infantilized or pedomorphic type. Those who have carefully observed 
young babies may recall that the root of the nose is frequently fiat or 
low as in Mongoloids, and that an internal epicanthic fold in such 
instances is usually present. The smaller number of individual head 
hairs aod the marked hairlessness of the remainder of the body are 
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infjujtiJe traits, as are likewise die small mastoid processes, the shallow 
fossa into which the jawbone fits (the mandlbulur fossa), tbe rather 
stocky build, tbe large brain-pan and bwin, lack of brow ridges, and 
quite a number of other characters. Since fetalis&ition seems to be 
the process by which man has attained many of lus unique characters 
there is reason for regarding the Mongoloids as a radiur Ugldy evolved 
type- 

inhabitants chiefly of northern, central, and south-eastern Asia, 
embracing the Pliilippines, Malaysia, the East Indies, and the Ameri¬ 
cas, die Mongoloids arc anthropologically perhaps the least known of 
the varieties of man. There have been no really adequate studies ou 
any Mongoloid group, including the American Indian. Tlie following 
occount of die Mongoloids is therefore deliberately brief. 

Many anthropologists believe that the Mongoloid was the lost 
great variety of man to become differentiated. Weidenrelch, on the 
other hand, believes diat the Mongoloid was probably derived from 
a Sinandiropoid stock; others see in the Eskimo-like cliaracters of tho 
paleolithic skull found at Chnncelade, a jjossible ancestral type of the 
Mongoloids, but those are all speculations which arise out of the pau¬ 
city of our knowledge of prelilstoric Asia. When future expeditions 



Figure 193. Young Javanese male from Baulam. (Courtesy, Musie de 

lUomiae, Paris.) 
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and researches in the field have brought in more abundant material 
finds we may be in a position to speak with some authority on the 
origin of the Mongoloids. Until then it were better to record our ignor¬ 
ance than to conceal it with i»orly founded speculntlon. 

Among the Mongoloids there are probably ns many, if not more, 
ethnic groups and sub*groups as there are among tlie Caucasoids, but 
llie satisfactory recognition and description of most of these nwalts 

fiiture reaearcli. ., 

The Mongoloids have been subdivided into four great geographic 
subdivisions, as follows: (1) 'fbe central or classical Mongoloid, (2) 
the northern or Arctic, which wc shall call Eskimoid, (3) Tlio American 
Indian or Amerindian from North to South America, (4) the Southern 
or Indo>MaUyan. 

The Central or Classical Mongoloid 

The central or classical Mongoloid type is found sporadically dis¬ 
tributed in Northern China, Mongolia, and Tibet. iTie cephalic index 
averages about 85.0, and the Mongoloid fold is always present. For 
the remainder the cloislcal Mongoloid’s traits are as already described. 
Tho type is well seen in such tribes us the Cilyak, Koryak, Goldi, 
Buriats, and fCalmucks 

The Arctic Mongoloids or Esklmoids 

Tl^e northern or Arctic subdivision Includes peoples living In north¬ 
east Asia, the arctic coast of North America, Greenland, Labrador, and 
western Alaska including the Aleutian Islands. This subdivirion is 
typically represented by tho Eskimos, and like the classical Mongoloids 
tends to be brachycephalic. In addition to the Eskimos it Includes such 
paleoasiatic peoples as the reindeer and coastal Chukchee, the Kom- 
tchadales, and such neoaslatlcs as the Tunguses, Samoyedes, and 
Yakuts. 

The Eskimos represent a single continuous breeding population, 
with their center in western Alaska, where they are biachycephalic 
nnd low headed, becoming increasingly so from north to south. 

The Eastern Aleutian Eskimo has an average height of 1.62 m. (five 
feet four inches) and is brachycephalxc (ci. 84.6). The lower Kuskok- 
wim Eskimo has an average height of 2.82 m. (five feet four inches) 
and Is brachyceplxalic (c.i. 81.S). The Asiatic Eskimo has an average 
height of 1.62 m. and is brachycephalic (c.i. 80.8). The Arctic Eskimo 
has an average height of 1.65 m, and is mesocephallc (cJ. 78.6). The 
Greenland Eskimo is mesocephallc (c.i. 76.8) and has a stature of 
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1.62 m. The arctic Eskimos have a high gobled head. In le$$ extreme 
foim this gabling or keel is also present in the western Eskimos. 

Eskimos as a group are characterized by large broad faces, mark¬ 
edly flaring cheek bones, narrow noses, high incidence of the complete 
Mongoloid fold, straight black hair, smaU hands and feet, large trunks 
and relatively short legs, and large amounts of blood group A, and 
small amounts of blood group B. 

Tlte Kamtchadales and eastern Tungus belong to the mesocephalic 
group (c.i. 76.3 to 60.8), the western Tungus, Chukchee, Cilyak, and 
Samoyedes, bebag to the brachycephalic group (c.i. 63.0 to 65.6). 

The migradoDS of peoples of this stock into Europe has resulted 
in much admixture, evidences of which are still recognizable in such 
peoples as the Baltic Finns, Esths, Livonians, Finlanders, Magyars 
(Hungarians), and others. This latter group of peoples is usually 
termed Finno-Ugrian or Uralic, a term which also deBnes a family of 
languages spoken by these peoples. 

TJie American Indian or Amerindian 

Physically among the least known groups of Mongoloids are the 
Indians of North, Middle, and South America. Research on the physical 
anthropology of tlte American Indian has been extremely slow in 
getting started. Ihe little we know indicates that not all those who at 
different times migrated into the Americas were of predominantly 
Mongoloid stock, that, indeed, judging from their physical characters, 
such as the absence of shovel shaped incisors in many Indians, the 
shape of the nose, and die high frequencies of blood group A (50 per 
cent among the BUckfoet) some of these immigrants were possibly 
dominantly Caucasoid widi some Mongoloid admixture. 

The American Indians exhibit a certain basic homogeneity but at 
the same time are evidently characterized by an equally certain diver¬ 
sity of types. Owing to the lack of the necessary data it is impossible 
to say quite how many diverse types there may be. General impres¬ 
sions based on sporadically measured and photographed Individuals 
from various groups provide an insufficient basis upon which to erect a 
satisfactory accoimt of the American Indian. 

The \mv: traits which American Indians have in common are 
yellow-brown to red-brovm skin color; hair, black, straight, coarse, 
sometimes slightly wavy, very sparse on body and face, and usually 
entirely absent on the sides of the face. Eye color varies from medium 
to dark brown. A complete Mongoloid fold is rarely present, though 
the internal epicanthic fold is frequently seen in women and children. 
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but v^ry rarely m males in whom an external epicanthic fold is com¬ 
monly pmseitL The face is broad, widi large flaring cheek l>mes. the 
lips vary from thin to average thickness, the chin is fairly well devel¬ 
op^, shovehshaped incisors are common, and the bite (of the teeth) 

is edge to edge. i t .v 

Tlie character gradients, as miglit have been expected, follow the 
ccocraplilc cradioDls. For example, the Indians of die north-w«l 
^ast the Tllngit. Holda. Tsimsldan (c.i. 82.5. stature 1.68 m.. five 
feet six inches), and the Kwakiutl (c.i. 84.5. stature l.W m., five fwt 
four and a half inches) rather more resemble the ArcHc Mongoloicls 
than do the Indians east of the Rockies, The latter extending through 
tlie great Plains into the northern and eastern Woodlands are^ range 
from biachycephaly, through mcsocephaly to doUchocepbaly, with 
the northeast predominantly dolichocephalic. la the Plateau area 
brachycepholy prevails, and stature tends to be somewhot shorter, and 
noses somewhat straighten 

In Mexico, Middle and South America it is known that every fonn 
of head shape is oncoimtered. Eastern Braail shows a very large pro¬ 
portion of mesocephallc types- 

It has already been pointed out that these different waves of mi¬ 
grants entered North America from Siberia across the Bering Straits 
by way of Alaska. The Asiatic origin of the American Indians is now 
beyond dispute. In Tibet there ore to be found types which closely 
resemble the Fucglaos of southernmost South America; the Chukchee 
of Siberia closely resemble the whole Eskimo population, furthermore, 
in many aspects of their culture these populations are very much alike. 


Indonesian'Malay 

Throughout southeastern Asia fluorlshes a large number of Mongo¬ 
loid peoples most of whom look os if in the past they had experienced 
an appreciable Caucasoid, and probably Negroid, admixture. Tills Is 
the IndonesUn-MaUy or Oceanic Mongoloid stroin. 

The Indonesian is slenderer and slightly shorter (1.55 m. or five 
feet one inch) than the stockily built Malay (1,58 m., five feet two 
Inches); lie is longer-headed (c.i. 78.5) while the Malay is usually 
brachycephalic (c.i. 85.0); the head hair tends to be slightly wavy, 
and for the rest is very sparse in both groups; in the Malay head hair 
is straight. In the ludonesian the nose is narrower and higher, and the 
internal epicanthic fold less frequent. Tlie Mongoloid influence, in¬ 
deed, seems to be less strongly marked In the Indonesians than in the 
Malays, In the Malay Archipelago the Indonesian type, generally 
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Figure 194. Sazne relationships of the variedes of mankind to one another, 
and those which have entered into the formation of the population of the 

United States. 
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speaking, occurs more frequently laland, while the Malays are the 
coastal peoples. The Japanese largely belong to the Malay type. 

The Indonesian type is found in southern China, Indo-China, 
BuTTOfl, Thuilaad, the interior of the Malay Archipelago, while the 
Malay type in addition occurs in the Malay Peninsula, the Dutch East 
Indies, the Philippines, Japan, Okinawa, and adjacent islands. 

CONCLUSION 

In this chapter an attempt has been made to give an account of 
the principal varieties and ethnic groups of man, and we have seen 
that far from pursuing a completely independent course of develop¬ 
ment it is probable that all of them have at one time or another met 
and contributed their genes to produce new modifications of older 
types. Tluough these modifications something of the older types can 
sometimes be seen more or less clearly shining through, but this is 
not always the case, for the new made pattern is usually an harmonic 
one, and unless tlwe are certain striking features such as skin color, 
hair form or Mongoloid fold, very refined mctlwds of analysis are 
required In the not always successhil attempt to discover the compo¬ 
nents which have entered Into the formation of a particular type. 

It is clear tliat there are no "pure races" in existence, and it Is 
greatly to be doubted that there ever were any. The ethnic groups of 
mankind are not, and never have been, so many separate streams and 
tributaries flowing within well-defined banks, but currents and eddies 
in one great river, in which there has been a constant interchange of 
whet each has carried. 

In Figure 194 is reproduced a diagram showing some of the re¬ 
lationships of the major and principal ethnic groups of man, and 
the contribution of all these to the population of the United States. 
This diagram may perhaps serve to suggest the probable truth that 
the United States stands out in high relief as the example of what, 
upon a lesser scale, has occurred throughout the history of man, the 
mingling of peoples to produce greater strength in almost every way, 
to illustrate the truth that diversity of genes as well as of culture 
is the basis of collective achievement, ^Vhen it Is realized that be¬ 
tween the years 1520 and 1950 over 39,325,000 immigrants entered 
die United States, something of the scale of this mingling may be 
understood. 

The reader will have read the significance of this chapter correctly 
if he understands that the arrangement of the major and ethnic groups 
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of man here listed is quite arbitrary, tentative and temporary, being a 
dassi£cfttion based upon a few charaeters stabsticaJly averaged for 
an appallingly small number of the world's peoples. It must always 
be remembered that the concept of a human group characterized by 
a certain uniformity of physical characters is a statistical concept which 
applies only to groups and not to individuals. So real are the transi¬ 
tions between one group and another, and so great the variability of 
almost all human groups that any individual taken at random from 
some such groups could, in many cases, fit into the framework of 
variability of almost any other. Thus, for example, there are many 
Caucasoids who could easily fit into a Nogroid group, and vice versa, 
and die same holds true for the relationships of many Mongoloids with 
both these groups. 

The error most commonly committed in this connection is to think 
in terms of a genetically wholly independent development of each of 
the varieties and even ethnic groups of man, and to regard them as 
clear cut types which are readily contrasted with one another. As we 
have seen, this is a very great fallacy for the good I’oason that no hu¬ 
man groups have ever undergone completely Independent develop¬ 
ment, that all are much mixed, and that temporary stabilization of 
their more or less duttnetive characters has been due to the action of 
isolating factors, not merely of a geographic kind, upon a mixed popu¬ 
lation. Tliis mixing of all peoples is evident in their resemblances to 
one another, and in the Imperceptible transitions in physical characters 
which exist between all ethnic groups. The differences between (hem 
are due to tho differences in the proportions of the ethnic elements 
which have entered into the composition of each group, and the action 
of the primary and secondary factors upon them. When tliese differ¬ 
ences are considered and evaluated they ore seen to be relatively few 
in number compared to the overwhelming number of likenesses, and 
they are seen to be of a nature which does not render any one of the 
groups concerned either biologically superior or inferior to the other 
Tho physical differences are merely expressive of a somewhat differ¬ 
ent biological history, differences for which we should be extremely 
grateful since, among other things, they assist us to demonstrate the 
essential unity—not difference—of mankind, and will enable us eventu¬ 
ally to trace a good part of the history of that unity and differentiation. 
Our classificatory schemes must be regarded as nothing more tlian con¬ 
venient devices calculated to assist us toward the achievement of such 
a desirable end. 


470 


INTRODUCTION TO PHYSICAL ANTHROPOLOGY 
The Major and Ethnic Groups of Man 
Major Group: NEGROID 
African IJegroes 

EOjTdc Group: a- Th« True Negro: Wert AfiWa* Camwoow and Congo. 

b. The HoK'Himile*: Efut Africa and Eart Central Africa. 

c. Forest Negro: Equatorial nnd Tropical Africa. 

d. ''Eantu'Speaklng Negroids:’' Contra! and Southern Africa. 

e. Ndotlc Negro: Eutem Sudan and Upper Nile Valley. 

f. Boshman: Southern Angola and Norlh-Wart Africa. 

g. Hottentot: South Africa. 

Oceanic NegtobU 

Ethnic Group; a. Papuans: New Oulnea. 

b. Melanesians: Melanesia. 

Afriecn Ppgrnlos or NagriHat 

Ethnic Group: a. African Pygmies or NegrUlos: Equatorial Africa. 

Aftatc Fpgmies or Negrito# 

Zthaic Group: n. Andamanese: Andaman Islands. 

b. Soinaag: Cwitral region of Malay Peninsula, ertd Etutt 
SumeM. 

c. Philippine Nopitosc Philippine Islands. 

Oecarde Ppgnries or Negritos 

Ethrdc Group: a. New Guinea Pygmies: New Guinea. 

Malor Group: CAUCASOID 

Ethnic Croup: a. Basie Medlterranoanr Borderlands of the Medltonanean 

Buin. 

b. Atlaoto-Mediterreneen: Middle East, eastern Balkini, Eart 
Africa. Fortugali Spain. British Isles. 

c. ImnO'Aflhan Mediterreoean: Iran. Afghanistan, ports of 
India. Arabia, and North Africa. 

d. Nordic: Central Europe. Scaodlnavla and neighboring 
regfons. 

«, East Baltic: East Baltic regions. 

f. Lapps: Korthorn Scendlr^avle. Kola Peninsula. 

g. Alpine: Franco along the Alps to Russia. 

h. Dmaric: Eastern Alps from Switzerland to Albania, Asia 
Minor, end Syria. 

1. Armetwids: Aria Minor. 

). Hamites: North and Eart Africa, 
k. Indo43ravidiaiu: IndJa and Ceylon. 

]. Polynesians: Polyoesla (Central Facldc). 

Sub-Division: AUSTRALOID or ARCHAIC CAUCASOID 

£tbnlc Group: a. Australian: Australia. 
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b. V«d<lAli: C«yIon. 

c. PK'Dravidian: India. 

d. Ainu: Jnpan, Hokkaido (Veao) and Sakhalin I:<lends, 


MONGOLOID 
Cbssiciil Mcngolokit 

Ethnic Croup: a. An undetermined number of ethnic groups in \)it older 
popuIftHona of Tibet, Mong^a. Chino, Korea, Japan, ar>d 
Slborin, including such trlbos os the Buriots cost and west 
of LaVo Baikal, die Koryak nl northern Slherio, the Cdyok 
of northernmost Sakhalin and the mainland north of the 
Amur eatuary (who appenr to have mixed with the Ainu)> 
and the Gold! on the Lower Amur artd Usauri. 


Aretie Mongolokfi 

Ethnic Croup: a. Eskirno: Extreme northeast of Asia, Arctic ^ast of Nortii 
Amertco, Greenlnnd. The type Include* the AleuU of the 
Aleutian lalonde. and the Reindeer and eowtal Chukchee 
of northeastern Siberia. 

b. Evonlri or true Tungui (AmeHeanolda): Mongolia, Siberia, 
Aslotto highlands north nf the Ilimaloynr. 

c. Kamehadaleic Kamehntka. 

d. Sameyedesi Kola Foninsula, White Sea and Yentael roglons. 


Tlie Mongoloids of die extreme north*enst of the Asiatic conHneat 
are distinguished as the ?akoosUtiic$. These are considered to be the 
complex of andent populations of Asia who early migrated to this 
extreme peripbewl region. The populations believed to have migrated 
later into die northeast of the Asiatic continent ore known as the Neo- 
(uiotics. 

p9leo6*iatiu: Ghuckebao. Koryak, Komcliadale, Gily&k, Esidmo, Aleut, Yukaghir, 
Chuva&tzl, Ostyak of Yenisei, Ainu. 

NsMslorics; Fionle tribes, Samoyadlc tribes, Turkic Including Yakut, Mongolic, 
Tungusic, 

Am^ricofi fjuflans 

Ethnic Group: a. An undetennined number of ethnic groups of North, 
Middle, Centml, and South Americo. 

Indo’UoIati 

Ethnic Group: a. Indooesian: Soudiern China, IndChChlna, Burma, Thailand, 
Intaricr of Malay Archipelago. 

b. Malay: In additkm to Indonesian distribution Malay Penin¬ 
sula, Dutch East Indies, Philippines, Okinawa, and odjacent 
Islands. 
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Chapter VIII 


THE SIGNIFICANCE OF ISOLATE DIFFERENCES 
OR THE RELATION BETWEEN BODY, 

MIND, AND CULTURE 

IN THE FBacmiNO CKAFTBS wc «aw Something of the significance which 
is to be attached to the physical differences ewsHng between the 
ethnic groups of man, in the present chapter we shall chiefly consider 
the sljsnificance of the mental and cultural differences which exist be¬ 
tween such isolates. Since the belief is often encountered that certain 
physical characters are invariably associated with certain mental ones, 
and that membership In a particular ‘'raco" generally means that one 
may expect certoln mental and cultural traits to be exhibited by every 
member of that *Yace " we may profitably inquire to whet extent sucli 
a belief is true, and what significance is to bo attached to the asso¬ 
ciation, which can so easily bo observed in different groups, between 
physical, mental, and cultural traits. Our purpose in this chapter 
will be to inquire into the nature of this association. 

Tlie Racist View 

A typical expression of the racist viewpoint runs as follows: A 
"something" called "race” or “blood" is the prime determiner of all 
the important traits of body and soul, of charocter and personality, of 
mind and thought, This "something" is a fixed and immutable part of 
the germ-plasm which, differing in each people, is transmitted from 
generation to generation, to unfold in each people in a typical expres¬ 
sion of penonality and culture. Hence, there must exist irreconcilable 
differences in mind, soul, and blood between the "roces" of mankiDd. 
During the last hundred years tills view has found supporters in many 
different lands, culm:noting finally in the Nazi doctrine of racism, the 
basis of the ofliciul viewpoint of the German government of 1933- 
1945. 

The Genetic Facts 

The parents contribute a set of genes to their children which com¬ 
bine to form the new individual, an individual who Is unlike anyone 

474 


THE SIGNIFICANCE OF ISOLATE DIFFERENCES 


475 


who has ever lived before or who will ever live agali). Since man 
possesses 23 pairs of cbromosomes, tlieir possible combination in a 
single mating amount to 8,388,60$ or 2 raised to the SSrd power. Tl)e 
chances of exactly the same combination occurring in any two indi' 
viduals are, on the basis of the number of chi'omosomes alone, 1 in 
70,000,000,(NX),000, or about once in every 600,000 generations, which, 
i$, for all practical purposes, never. This tremendous range of variation 
ia due to the fact that the carriers of the hereditary materials are par* 
ticulate more or less independent structures, the genes, carried on the 
23 pairs of chromosomes of each parent, and that these can combine 
in a practically infinite variety of relations. That is why no two por* 
sons are ever alike. 

We have seen that out of this inexhaustible reservoir of genetic 
materials certain combinations may be produced as the result of the 
action of a variety of factors, so that we find ono group with white 
skin, another with brown, and still another with yellowish skin and 
so on. Even so we never find any two Individuals who are over 
alike, and that is in essence what we mean by the term variation. 
Tlie particulate and extra-ohromosomal forms of inheritance and the 
consequent variability are facts whlcli lend not the slightest support 
to any notion that a ‘'somelliing^ which is a fixed and immutable part 
of the genetic system is responsible for any irreconcilable differences 
between the ethnic groups of mankind. These facts are. cn the other 
hand, quite opposed to such a view. There ore no fixed and immutable 
parts of the genetic system, and honce It is impossible to transmit 
them; there are merely temporary combinations of genes which under 
isolate conditions will tend to romain relatively stable. They are, of 
course, more or less constantly in process of undergoing change, and 
undergo very substantial modification as soon as the conditions rela* 
tive to whi^ the gene combinations have maintained their stability 
are changed. 

Genes do not moke their own conditions of expression, but have 
them made for them by the environment in which they develop. 
Hence, it is not only new combinations and mutations of genes which 
are responsible for the production of novelty, but the environment as 
well. It is not trails or characters which are inherited, but the poten¬ 
tialities to develop traits or characters, and the expression of these 
potentialities is to a large extent determined by the environment in 
which they undergo development. 

Thus, for example, as has been mentioned in an earlier chapter, 
the head-shapo of children bom in the United States will differ from 
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dxat of Iheir Europecm-bom siblings and parents in a manner which 
can only be explained as due to the effect of the new environment. 
A poor sodo-economic environment will almost invariably exert an 
untoward effect upon the growing individual, so that it is safe to 
say that practically the whole of Uls body is affected, and he grows 
up to bo somewhat different from what he might have been un¬ 
der more favorable conditions. Even the shade of the skin will vary 
in different environments, appearing darker in on area of Intense sun- 
liglit than it would in the same individual in a cloudy, foggy, climate. 
Physiological characteristics such as d'e onset of first menstruation 
(menarche), basal metabolism, and blood pressure, will vary very 
significantly in association with the climates in which these functions 
develop (see Chapter IX}, 

The expression of a gene is, therefore, to a certain extent, depend¬ 
ent upon the environment to which it is exposed and to which it is 
In a very definite sense a response. Tlte ultimate characters the genos 
produce will therefore tend to vary as the environment varies. The 
lerni "character" is itself an abstraction, but one which is unavoid¬ 
able for descriptive purposes. As Dobahansky points out, "Genes pro¬ 
duce not characters but physiological states which, through inter¬ 
actions with the physiological states induced by all other genes of the 
organism and with the environmental Influences, cause the develop¬ 
ment to assume a definite course and the individual to display certain 
characters at a given stage of the developmental process."^ 

There is nothing stable or immutable about the genetic system. 
Under varying conditions it will tend to vary. The delimiting physical 
characters of a major group wlU be preserved only as long as genes 
from another major group are excluded from the group. With the 
introduction of such genes the group tends to lose its former charac¬ 
ters and to acquire new ones. Were there to exist any irreconcilable 
differences in the genetic structure between the members of different 
ethnic groups such processes could not occur or else they would 
exhibit themselves in disharmonic or undesirable effects in the hy¬ 
brids. And this we know very definitely not to occur. 

One of nature’s favorite methods of producing new and better 
types of Usdng forms, and strengthening old ones. Is by hybridization. 
This is as true of man as of any other living creature. 

The popular stereotype that interbreeding or crossing between 
different "races’’ results in inferior offspring and in ultimate degen- 

' DoBZMANvr, Tu; and Hou, A. M.: A re-examinatioD of the problem of 
manifold effects of genes In Droiopblla melaoogaster. Centtkt, 9S;d01, 1943. 
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eradon of the stock is totally without scientific foundation» and, in¬ 
deed, is quite contrary to the truth. 

Studies on Polynesian*White crosses carried out by Shapiro, on 
Australian-White crosses, by Tindale and others, by numerous investi¬ 
gators on crosses between Japanese, Filipinos, Koreans, Puerto Ricans, 
Europeans of all sorts, and Hawaiians, by Boas on Indians and whites, 
by Herskovits on the American Negro, by Davenport and Steggerda on 
the Jamaican offspring of Negro-white unions, by Fischer on Dutch* 
Hottentot crosses, by L^tsy and Coddijn on a great variety of crosses 
in South Africa between Bushmen, Basutoes, Fingoes, ‘ICaffirs,’" Zulus, 
Mongoloids, Indians, whites and many others, all these studies, and 
a great many more, prove the great value, from every possible un* 
biased point of view, of hybridization. 

There have, however, been some svriters who have concluded from 
their studies of ‘Vace'crossing" that the process results In neither good 
nor bad effects, while some have concluded that the crossing of eth¬ 
nic groups does not, on the whole, result in desirable types. 1 do 
not read the evidence so. 

The 'lialf-caste*' is, as his name Implies, not fully accepted by 
either of the castes or ethnic groups with which his parenN are as' 
soclBted, and though he tends to adhere to that group which is lower 
in his social scale, he tends also to be somewhat isolated, to be ^outcast." 
In most instances the holf-castc finds it extremely difficult to adjust 
himself to conditions which arc themselves the cause of maladjust¬ 
ment in others. One of America’s leading geneticists, Castle, has put 
the matter very cogently. He writes, "Since there are no biological 
obstacles to crossing between the most diverse human races, when 
such crossing does occur, it is in disregard of social conventions, race 
pride and race prejudice. Naturally therefore it occurs between anti¬ 
social and outcast specimens of the respective races, or else between 
conquerors and slaves. The social status of the children is thus bound 
to be low, their educational opportunities poor, their moral back¬ 
ground bad. .. . Does the half-breed, in any community in the world 
in which he is numerous, have an equal chance to make a man of 
himself, as compared with the sons of the dominant race? I think not. 
Can we then fairly consider him racially inferior just because his racial 
attainments are less? Attainments imply opportunities as well os abil¬ 
ities."* 

In the isolating factors which operate upon the half-caste we are 

' Cattls, W. E.: Biological aad social ooDsoqueoces of race crossiag. Am. /. 
fhv9. AnOirw., $.147,1926. 
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dealing with a coiuplcuoua example of the action of socially depress* 
jDg conditions a<id not with the effects of biologicaJ ones. These facts 
are Invariably overlooked by those who attribute the unfavorable 
effects of *Vace crossing'' to biological factors. 

At every point then, we see the enormous importance of the en* 
vironmental hotor, eitlier physical or social, in conditioning what we 
so often misinterpret as biologically determined. 

“Blood” 

A very general belief, and one whlcli has led to much serious 
misunderstanding of human relationships, is the prevailing popular 
conception of blood as the carrier of the heritable qualities of the 
family, “race ” or nation. The term 'Tilood-relationshlpand its angli¬ 
cised I-atin equivalent “consanguinity," meaning the condition of 
being of the same “blood* or relationship by descent from a common 
ancestor, enshrines the belief that all biological relationships are re¬ 
flected in, and are to a large extent, determined by the character of 
the blood. Such terms as "blue blood," “blood royal," "pure blood," 
“full-blood," "half-blood," and “good blood,” furtlier redect that mean¬ 
ing. 

AH these terms reflect the belief that “blood” is equivalent to 
“heredity* and that blood, therefore, Is that part of the organism 
which determines the quality of the individud By extension it is 
further generally believed that the social as well as tbo biologica] 
Status of the InivJdual is determined by the kind of “blood" he has 
inherited. Supposed national and *Yacial" differences are recognized 
in such terms as “German blood,” "English blood," "Kegro blood,” 
and so forth; so that today the words "race" and “blood" are often 
used as synonyms. 

The facb of science land no support to the conception of blood 
thus implied. Blood is In no way connected with the transmission 
of hereditary characteristics. The carriers of the hereditary poten¬ 
tialities which, in interaction with the environment, express them¬ 
selves in characters, are the genes which lie in the chromosomes and 
cytoplasm of the germ cells represented in the spermatzoon of the 
fath« and in the ovum of the mother. These genes have no connection 
whatever with blood, except insofar as they determine its serological 
properties. Blood has nothing whatever to do with determining the 
heredity of the Individual or of the group, either biologically, cul¬ 
turally, or in any other manner. 

The belief that the blood of the mother is transmitted to the cMd, 
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and hence becomes a part of the clifld, is an ancient but erroneous 
one. Scientific investigation of the processes of pregnancy has long 
ago made it perfectly clear that there is normally no actual passage 
of blood from mother to child. The developing child manufactures 
its own blood, and the character of its various blood cells is demon¬ 
strably different from that of either of its parents. The mother does 
not contribute blood to the fetus, nor is her blood continuous with 
tliat of the fetus, Tlie placenta is a complex system of semi-permcable 
membranes wliicli permits the passage only of molecules of very small 
size. Blood cells are too large to pass across the placental barrier, 
except toward the end of pregnancy, when the membranes of the 
viUi become thinned out and permeable. Such facts should completely 
dispose of the false idea of a “blood-tie" between any two Individuals 
whether they be mother and child or -even Identical twins. Hence 
any claims to kinship based on the tie of “blood” can have no sd«- 
Hfic foundation whatever. Nor con claims of group consciousness 
based on “blood” be anything but spurious, since the character of 
the blood of all human beings is determined not by their membership 
in any group or nation but by the fact that they are members of the 
single species Homo sapiens. 

Tlje serological traits which we have already discussed in a pre¬ 
vious chapter are determined by the presence or absence of certain 
genes in combination with one anotlier, It is these hereditary mole¬ 
cules which determine the character of the blood, and not the blood 
which determines heredity. The frequencies of these genes vary from 
population to population, as do the genes for other clmraclers. In 
short, the serological characters of the blood are the expression of 
certain gene combinations, not the cause of them. 

SPIRITUAL QUALITIES, GENES, AND CULTURE 

By the “soul” may, apparently, be understood many strange things. 
The principal Nazi "anthropologist,’* Hans Gbnther, as long ago as 
1922 classified the “souls” of different “races” according to their 
alleged colors and stated, for example, that the soul of tlio Dinaric 
“race” seems to be dark green ("Als 'seclische Fwbe’ der dlnarischen 
Rasse scheint sicb ein dunklcs Grun zu ergeben”). 

Scientists cannot presume to speak cn the nature of the soul since 
it has never been the subject of serious investigation, but if one may 
make an approximation to what is generally meant by the word and 
suggest that it is the spiritual principle which appears to inform a 
person’s conduct, there are several important things whi<di a scientist 
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Tnent—sod&K economic, climatic, geographic, and so on—persons 
would still differ from each other, and these differences would ex* 
press the effect of the genetic factor in the assimilation of the external 
factors, and that is all. Biologically determined differences in mental 
characteristics exist between all iTulioiduak, but this is a very different 
thing from saying that such differences exist between all ethnic Rroupi, 
or that the mental differences between individuals are biologically 
determined. 

In pure breeds of dogs or birds differences in mental behavior are 
very closely associated with eaci\ breed, but human ethnic groups are 
not pure breeds, but are, on the other hand, very much mixed. Hu¬ 
man groups do not in the least approach the type of genetic uniformity 
which one encounters among breeds of domesticated animals. Hence, 
any comparison between them is quite unsound since these domestic 
breeds are genetically relatively uniform, whereas man, in almost 
every group in which he may be considered, is characterized by 
considerable genetic diversity. The evidence indicates that from 
the earliest times to the present day ethnic Intermixture has been the 
rule, evidence of such intermixture is found in the most inbred ethnic 
groups. Study of hereditary traits in family lines in most human 
populations whlcli have thus far Seen investigated shows that each 
family line differs from every other, that the diversity in family lines 
is so great as to render it impossible to speak, in such a population, 
of hereditary traits common to the whole group. 

The history of mankind wo\ild lead us to expect such a result, for 
that history is one of migration and mixture of group with group, 
again and again. In view of the tremendous diversity of genetic lines 
which have entered into the formation of each group of mankind 
such a thing as a pure breed of mankind cannot be said to exist any¬ 
where on this earth The claim, therefore, that any group of mankind 
represents a pure group different from all others, all of whose mem¬ 
bers are distinguished by the same characteristics, is quite untenable. 

We must recegnize, and be properly grateful for, the fact that 
all individuals are biologically determined to be unlike, but we must 
also recognize the fact that when such individuals are evaluated col¬ 
lectively in terms of the groups which they compose, each group 
seems to average up to about much the same level as every other. 
At any rate, science has not been able to discover that there exist 
any fundamental biologically determined mental differences between 
groups that would outwei^ the iofiuence of culture. As Boas has 
put it: *‘Oui conclusion is that the claim to biologically determined 
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mental qualities of races is not tenable. Much l«s have vvc a right 
to soeak of biologically detomiinecl superiority of one race ove 

Evt- race^ooniains so many gonetically distinct strams and 
the sodal^havlor is so entirely dependent 
to which every Individual is exposed, that 

type when exposed to different surroundings wdl ^ 

^tly, while individuals of different types when exposed to the same 
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We can be perfectly certain that whatever genetic <bJfeien<^ 

exlsTbetween intoiduals or groups, genes do not and 
a mind or produce a “soul.' It is the environmentally condlHoned ex- 
neriences acting upon a relaljvely undiffeientiatea variety U neirwi 
ri^ues. fornied by?he genes, which serve to 

those tissues Into a bioneurological system which aeates ^ 

it is a particular history of Interaction between those genes and en- 
vironm«l.1 or cultural experience which determlMS the 
quality of a mind, As that history differs so will the quality of t a 
mlnd\ a large extent every human bdng ‘s ^ 

the product of the society into which lie is bom. His thoughts, his 
IdeaTbU habits are all socially acquired- He is not l»m with any o 
these things. IndlviduaU bom and brought up in the same sodety 
will nevertheless differ from one another because however 
erterJence may have been it can never have been quite the same, and 
bemuse of certain individual differences In genetic cndcwmwt. 

When wo consider the great differences m tho cultural experi¬ 
ence of persons not of the same family, economic or class ^p. 
nation, or ethnic group, we con readily see wJ'V 
spiritual differences may exist between them. The differences are pri¬ 
marily due to differences in wltuie and cultural experien«. These 
differences have no known or demonstrable connection with the ge¬ 
netic system, although it would be unjustified to assume that thty 
are entirely unconnected. Whatever that connection may be. it is 
insignificant when compared with the cultural factor. . . 

Now since the cultural factor is extremely variable for individ¬ 
uals and even more so for social Uolates, it is obvious, even apwt 
from such differentiEd action as the genes may exercise, that individ¬ 
uals and groups will differ from one another as their wltural experi¬ 
ence varies. The very fact that cultural and spiritual difference exist 
between individuals and between groups is proof positive of the fact 
that tiieie is notliing fixed or immutable about or irreconcilable be¬ 
tween such differences, for If such differences were fixed then we 
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should observe no cultural development or cliange of the most sub- 
stanCisd kind within a culture or a people. The inhabitants of the British 
Isles today would still be in a Stone Age phase of cultural develop* 
ment, for tlie population of those isles has not significantly changed 
during the last few thoxisand or more years; tlie various non literate 
peoples of Tsarist Russia would still non-literates Instead of the 
weslemizcd peoples of the U.S.S.R. who have adapted themselves 
with amazing rapidity to the new cultural demands which have been 
made upon them. The Japanese could hardly have become ‘Svestem- 
l 2 ed,* nor the Mexican Indians Hispanidzed. In those parts of Africa 
in which an enlightened administrative policy has been followed, 
particularly in West Africa, there arc many thousands of native Af¬ 
ricans who have never left their own land who have come most ca¬ 
pably abreast of the novel Western culture with which they have 
been conftonted. In India, after two centuries of British rule, a great 
number of Indians have made British culture a part of their own. 

The example of the Jews, who constitute not an etlmic group but 
a cultural Isolate wherever they are found, is well known. Tl^e Jews 
cany certain kinds of historically conditioned cultural traits with 
them wherever they go. Tliese are often slated to be biologically de¬ 
termined, but that this Is false is proven by the fact that when Jews 
completely adopt the culture of the land in which they happen to live 
they frequently become complotoly indistinguishable from the non- 
Jewish population of that Und. Such "Jews,” of course, pass un¬ 
noticed, but those who retain Jewish cultural traits arc ensily recog¬ 
nized, principally by virtue of their retanticn of certain cultural traits 
which hove no connection whatever with hichaical factors. The fact 
is, however, that Jews still cany an appreciable number of genes 
derived from their original Near Eastern ancestors. 

The American Negro is another case in point. So far as he has 
been permitted he has acquired the cultural traits of the white popu¬ 
lations among which he lives, while the white populations have ac¬ 
quired some of his traits, is not due to a physical intermixture 
but to a cultural intermixture. If the physical intermixture were re¬ 
sponsible then we should observe a blending of Negro end white 
cultural trails, but we observe nothing of the sort. Tho original cul¬ 
tures of the African Negro ancestors of the American Negro survive 
in Africa but have been to a large extent lost among many Negro 
groups in America, having been practically completely eroded by the 
dominant white culture. This could not have occurred had the genes 
been responsible for the development of either "soul” or culture, 
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It may, ho waver, be argued that culturally the American Negro, 
after being exposed to western culture for some 250 years, is still 
not culturally indistinguishable from the white. This is, of course, 
true in precisely the same way that it is true of any social isolate, 
The American Negro has never been allowed to become socially or 
culturally indistinguishable from the while. On tlie other hand, dis- 
tinctloDS have been deliberately created and maintained, barriers have 
been erected across which the Negro has not been permitted to pass; 
he has been segregated, culturally Isoloted, Is it any wonder ihtn 
that he should exhibit certain differences in culture and behavior which 
distinguish him from the populations from which he is excluded? 
Having been excluded he has been forced to create a more or less 
parallel culture, and under conditions of the most difficult kind he 
has succeeded in doing so. Since tlie Negi'oes os a group are hardly 
ever given the opportunity to reoliae their potentialities on an equal 
social footing with whites, it is as unfair as it is unscientific to count 
the effects of the lack of such social equality against them. Were they 
given such an opportunity it is more than likely that the Negro aver* 
age of achievement would turn out to be quite os high as that of 
the average white. 

Another example of Interest Is provided by the gypsies. In spite 
of a certain amount of physical and cultural amalgamation with the 
peoples among whom they have lived the gypsies have, on the whole, 
successfully resisted complete assimilation. They have retained a sub¬ 
stantial part of their original language, and culturally they have re¬ 
mained a foreign element in the midst of every population in wliich 
they have lived, This is obviously not because their genes have pre¬ 
vented them from adopting the cultural manners of their hosts, for 
many of them have made the change, but because they have con¬ 
sciously preferred to retain their own spiritual and cultural integrity. 

"Changes in personality without change in heredity," writes Boas, 
“may be observed in the history of many peoples. The impoverished 
Indian who has become a laborer is the descendant of his daring, 
warlike ancestors. Tht terrorized Germans of our time are in part the 
same individuals, In part the direct descendants, of the fine citizens 
of twenty yeara ago; the Europeanized Japanese of our time are by 
heredity the same as their ancestors who closed the door to all for¬ 
eign influence." To which may be added, the Jews of the towns who 
have in our own time become farmers and the invincible soldiers of 
Israel. 

Thus, at every point we see that individuals and groups will or 
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will not under^ spiritual or cultural chauge not for any genetic 
reasons but for purely cultural ones, without themselves necessarily 
undergoing any genetic change. 

The racist assertion of the biological inheritance of spiritual and 
mental qualities peculiar to each "race" is, therefore, negated by the 
facts of science. 

Beiatiamhip of Body, Mind, and Behavior. The material struC' 
tuxes which are ultimately to subserve mental functions are to a large 
extent inherited precisely as are all other structures of the body. This 
assumption is supported by at least some sporadic investigations of 
the brains of near relatives, in addition to certain observational con* 
siderations of a Uke nature. The qualification "to a lorge extent** is a 
very necessary one since, in man, the nervous system continues to 
undergo structural differentiation and development long after birth, 
and is therefore appreciably influenced by the post-natal experience 
of the individual. In every part of the nervous system new connec* 
tions con always be established through education. As a leading neuio- 
anatomist, S. W. Hanson, hu put it, *The neurons whi^ moke up 
Che nervous system of an adult man are therefore arranged in a 
system the larger outlines of which follow an hereditary pattern, but 
many of the details of whidi have been shaped by the experiences 
of the individual.*** 

IC is evident chat experience must play a considerable r6]e in the 
development of the stntcture of the nervous system, hence in the 
manner in which it functions. It should also be clear that the aspect 
of the nervous system which we know as mind, behavior, is de- 
pendent upon Che Interaction of several factors. These are primarily, 
the inherited, incompletely developed, structure of the nervous sys* 
tern, and the character of the external developing influences. Cog- 
hill's fundamental studies on the development of the nervous system 
in relation to behavior In the spotted salamander AmbJyrtoma punc- 
tatum has demonstrated that the conditioning processes of experience 
are registered in the nervous system in such a way that the neural 
structures involved acquire functional specificity with reference to 
the experience. Specificity of function is established by interaction of 
growth and excitation, chat is Co say, the excitation fixes upon the 
growing terminals of neurones its own mode of activation. As Cog- 
hill writes when discussing the mammalian cortex, ‘'cortical cells, be¬ 
ginning their function with the beginning of experience, grow as 

' Raksok, S. W.: The Anatonm of tht Senow Sj/Hrm. Philadelphia, 1943, 
p, 41. 
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exp«rienM progresses till all of the essential behaviour and condition¬ 
ing processes are registered in them. Every pyramidal cell as a 
growing unit may be conceived ns blending, so to speak, the experi¬ 
ence of the individual from the beginning to the end of stimulation 
and response, ... As a result of this, although the behaviour at any 
moment may be dominated by some patricular pliftse of experience, it 
cannot be utterly disconnected from any part of the whole. Only with 
the retrogressive changes of senescence or with arrested development 
in pathological eases does experience cease to register in a progressive 
manner.*'^ 

The mind of man, in the sense above indicated, is a social prod¬ 
uct. It rcflech the pattern of the culture in which it is conditioned. 
TTie functional specificities thus determined when expressed in be¬ 
havior can clearly only be expressed according to the pattern of the 
culture In wl\lch they have been organized. The hereditary deteiml- 
nants of the morphological potentialities from which a mind may be 
organized are what is given. It is the cultural organization of such 
nervous morphological poteotialicies tliat ertaUs irilnd. Cenes do not 
create mind, but they do provide every individual with a somewhot 
different morphological pattern of cellular tissveSi so tliat if it were 
possible to keep all other factors constant, differences In behavior, that 
U in mind would still serve to distinguish every person. Such differ¬ 
ences would express the action of the genetic differential and nothing 
else. Put in another way what we have been saying Is tliat the genetic 
potentialities are organized by the socially structured field to which 
they are exposed. 

There is every reason to believe that In any human population 
the genetically determined nervous structure is at least u variable 
as any of its other physical characters. But once this has been granted, 
it must be said that there is equally good reason to believe, and this 
Is the important point, that the observable differences in the be¬ 
havior between different individuals are to a far larger extent deter¬ 
mined by cultural factors than by the total number of biological fac¬ 
tors which operate from within the individual. Chief among these 
biological factors are the functional capacities of the nervous system 
itself, and it cannot here be too often emphasized that those func* 
tional capacities, to the most important extent, are organized by the 
action, from birth to maturity, of cultural influences. Again, it cannot 
be too often repeated that all the evidence indicates that it is prin- 

* CooioiA G. E.: Anatomy and the TrobUm of Behooiov. New York, Clun- 
brldae Unlvei^ty Press. I9Sd, pp. 105-107. 
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cipaHy due to tills unique plasticity that tlic species Homo sapieia owes 
most of those qualities which tu'e implied in the words ’’human being/’ 

The principal fact which all those who arc in any way interested 
in human behavior must continually hold before their minds is that 
man> alone among the members of tlic animal kingdom, is a creature 
influenced more prominently by his cultural history than by his an¬ 
cestral or individual biological history. In the meeuiing of this fact 
lies die uniqueness of man. 

Are There Any Mental Differences between the Major 
and Ethnic Croups of Mankind? 

It may be that in some different etlmic groups the nei*vous sys¬ 
tem dlflcrs in some of its hidden or imdiscovercd characters, but if 
this is so all attempts to dejnoiistrate such differences have thus far 
failed. What seems to be quite clear is that if such differences exist 
then they ore of tho most insignificant kind. The measurable mental 
characters of different ethnic groups strongly suggest that so far as 
the average member of the group is concerned no significant men- 
tal differences exist beween such groups which may be attributed 
to the inlierited character of the nervous system alone. Furtliermore, 
the mental differences which exist between human groups would 
flppe&r to be mucli less than those which are found to exist between 
individuals of die same group. In the light of our present knowl¬ 
edge, the evidence shows that within the limits of the normal, brain 
weight, cranial capacity. Iwad size, or tho gross structure and form 
of the brain bear no relation whatsoever to the characters of the mind, 
as between individuals of the same or different ethnic groups. Nor 
is thcro any necessary association between certain major group clior- 
acters and certain kinds of mentality. Since mental functions ore so 
largely dependent upon experience, upon cultural conditions, it is im¬ 
possible to make any inferences as to the equivalence or non-equiva¬ 
lence of mental potentialities as between ethnic groups or isolates 
among whom the cultural conditions are not strictly comparable. In 
short, no statement concerning the mentality of an individual, an 
etlmic group or other isolate, is of any value without a specification 
of the conditions of the environment in which that mentality has de¬ 
veloped. No discussion of ethnic mental characters can be counte¬ 
nanced which neglects a full consideration of the associated cultural 
variables, for it is evident that it is precisely those cultural variables 
which play the most significant part in producing mental differences 
between ethnic groups and other isolates. 
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It is perfectly dear that geneticaUy determined mental differ- 
eDces do exist between individuals of the same tmd of different ethnic 
groups, but there is absolutely no evidence that significant mental 
differences which are determined by the genetic characters of the 
nervous system exist between any two ethnic groups. It would appear 
to be chiefly because of differences in cultural experiences that indi¬ 
viduals and groups differ from one another mentally and culturally, 
and it is for this reason that, where the cultural experience has ap¬ 
preciably differed, cultural achievement alone is an exceedingly poor 
measure of the mental value of an individual or of a group, 

It Is quite probable that in a non-isolated, heterogeneous, hybrid- 
Irfng population, the range of variability in the genetic determination 
of mental potentialities is greater than it is in a relatively isolated, 
homogeneous, inbreeding population. This is true of physical charac¬ 
ters, and may be true of mental poteniiaUties, and eventually it may, 
in part, provide the explanation for the more frequent occurrence of 
individuals of genius lo much mixed groups os compared with rela¬ 
tively less mixed or inbred groups. The average member of both 
groups wo<ild, however, have about the same potential mental range. 

l^us far scientific investigation has been unable to demonstrate 
any ethnic mental differences due to hereditary differences. As Kline- 
berg, one of the leading students of the subject, has put it, ‘‘We have 
the right to say that the results obtained by the use of intelligence 
tests have not proved the existence of racial and notional differences 
in innate mental capacity; and also that as the social and economic 
environments of the two ethnic groups become more alike, so do their 
tests scores tend to approximate each other. We have no right to con¬ 
clude that there are no racial differences in mental ability, since it is 
conceivable that new techniques may some day be developed which 
will indicate (hat such differences do exist. This is unlikely, however, 
and we may state with some degree of assurance that in all probability 
the range of inherited capacities in two different etlmic groups Is just 
about identical."* 

THE EVOLUTION OF THE MENTAL CIURACIDRS 
OF MANKIND 

From (he standpoint of the student of human evolution man's dis¬ 
tinctive mental character is the product of mutation, selection, genetic 
drift, and hybridization—and something more. A narrow biologism 

* KuMKanc, Otto: Mentsl testing of rxciiJ and national groups, io Soi^reific 
Aapacta of Ram Problem. New York, Loogmans, IMl, p. 283-S84. 
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usually stops before reaching the “something more/' and treats man 
as if he were no more than a purely biological entity. He is, how' 
ever, something more, a great deal more. Tlie specific human features 
of the evolutionary pattern of man cannot be ignored Man is a 
unique product of evolution in that lie, far more than any other 
creature, has escaped from the bondage of the physical and the bio¬ 
logical into the multiform social environment. This remarkable de¬ 
velopment introduces a third dimension, a new zone of adaptation, in 
addition to those of the external and internal environments, a dimen* 
sion or zone of adaptation which many biologists, in considering the 
evolution of man, tend to neglect. The most important setting of 
human evolution is the human social environment. A biologist ap* 
preaching the problems of humau evolution must never lose sight of 
the truth stated more than 2,000 years ago by Aristotle: “Man is by 
nature a political animal." 

In the words of Fisher. “For rational systems of evolution, that 
is, for theories which make at least the most familiar facts intelligible 
to the reason, we must turn to those that make progressive adapta* 
tion the driving force of the process.'* It is evident that man by 
means of his reasoning abilities, by becoming a “political animal," 
has achieved a mastery of the world’s varying environments quite un¬ 
precedented in the history of organic evolution. The system of genes 
which has permitted the development of the specifically human men¬ 
tal human capacities has thus become the foundation of and the para¬ 
mount influence in all subsequent evolution of the human stock. An 
animal becomes adapted to its environment by evolving certain ge¬ 
netically determined physical and behavioral traits; the adaptation of 
man consists chiefly In developing his inventiveness, a quality to which 
bis physical heredity predisposes him and which his social Iteredity 
provides him with the means of realizing. To the degree to which this 
is so, man is unique. As far as his physical responses to the world are 
concerned, he Is almost wholly emancipated from dependence upon 
Inherited biological dispositions, uniquely improving upon the latter 
by the process of learning that which his social heredity (culture) 
makes available to him. Man possesses much more efficient means 
of achieving Immediate or long-term adaptation than any other bio¬ 
logical species; namely, through learned responses or novel inventions 
and improvisations. 

In general, two types of biological adaptation In evolution can 
be distioguished. One is genetic specialization and genetically con- 
troUed fixity of traits. The second consists in the ability to respond 
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to a given range of environmental situations hy evolving traits favor¬ 
able in these particular sitxmtlons; this presupposes genetically con¬ 
trolled plasticity of traits. It is known, for example, that the com- 
posiHon of the blood which is most favorable for life at high altitudes 
is somewhat different from that which suffices at sea level A species 
which ranges from sea level to higli altitudes on a mountain range 
may become dlfierentlatccl into several altitudinal races, each having 
a fixed blood composition favored by natural selection at the par- 
ticuJar altitude at which it lives; or a genotype may be selected which 
permits an individual to respond to changes in atmospl^ric prossure 
by definite alterations la the composition of the blood. It is well known 
that heredity determines in its possessor not tlxe presence or absence 
of certain traits but, rather, the responses of tlie organisms to its w* 
vironments. The responses may be more or less rigidly fUed, so that 
approximately the same traits develop In all environments in which life 
is possible. On the other hand, the responses may differ In different 
environments. Fixity or plasticity of a trait is therefore genetically 
controlled. 

Whetlier the evolutionary adaptation in a given phyletic line will 
occur chiefiy by way of genetically controlled plasticity of traits will 
depend on circumstances, In the first place, evolutionary changes are 
compounded of mutational steps, and consequently the kind of change 
that takes place is always determined by the composition of the store 
of rnuUHonal variability which happens to be available in the species 
poptilations. Secondly, fixity or plasMclty of traits is controlled by 
natural selection. Having a trait fixed by heredity and hence appear¬ 
ing in the development of an individual regardless of environmental 
variatlous is, in general, of benefit to organisms whose milieu remains 
uniform and static except for rare and freakish deviations. Conversely, 
organisms which inhabit changeable environments are benefited by 
having their traits plastic and modified by each recurrent oonflgurolion 
of environmental agents in a way most favorable for the survival of the 
carrier of the trait in question. 

Comparative anatomy and embryology show that a fairly general 
trend in organic evolution seems to be from environmental dependence 
toward fixation of the basic features of the bodily structure and func¬ 
tion. The appearance of these structural features in the embryonic 
development of higher organisms is, in general, more nearly auto¬ 
nomous and Independent of the envirorunent than in lower forms. 
The development becomes ‘buffered" against environmental and ge¬ 
netic shocks- If. however, the mode of life of a species happens to 
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bd such that it is> of necessity, exposed to q wide range of environ* 
ments. it becomes desirable to vary some structures and functions in 
accordance with the circumstances that confront an individual or a 
strain at a given time and place. Genetic structures which permit 
adaptive plasticity of traits become, then, obviously advantageous for 
survival and so are fostered by natural selection. 

Tlie social environments that human beings have created every¬ 
where are notable not only for their extreme complexity but also for 
the rapid chsinges to which immediate adjustment is demanded. Ad¬ 
justment occurs chiefly in the psychical realm and has Utile or nothing 
to do with pliysical traits. In view of tho fact that from the very begin¬ 
ning of human evolution the changes in the human environment have 
been not only rapid but diverse and manifold, genetic dxatlon of be¬ 
havioral traits in man would have been decidedly unfavorable for tlie 
survival of the individual as well ns the species as a whole. Success of 
the Individual in most human societies has depended and continues to 
depend upon his ability rapidly to evolve behavior patterns which fit 
him to the kaleidoscope of the conditions he encounters. He is best 
off if he submits to some, rebels against others, compromises with 
some, and escapes from still other situations. Individuals who display 
a relatively greater fixity of response than their fellows suffer under 
most forms of human society and tend to fall by the way, Suppleness, 
plasticity, and. most imporlant of all, ability to proflt by experience 
and education are required. No other species is comparable to man 
in Its capacity to acquire new behavior patterns and discard old ones 
in consequence of training. Considered socially u well as blolcglcally, 
man's outstanding capacity is his educability. The survival value of 
this capacity is manifest, and therefore the possfollity of its develop¬ 
ment tiirough natural selection is evident. Natural selection on the 
human level favors gene complexes which enable their possessors to 
adjust their behavior to any condition in the light of previous experi¬ 
ence. In short, it favors educability, 

It should be made clear at this point that the replacement of 
fixity of behavior by genetically controlled plasticity is not a necessary 
consequence of all forms of social organization. The quaint attempts 
to gbrify insect societies as examples dcservtag emulation on the part 
of man ignore the fact that the behavior of an individual among 
social insects is remarkable precisely because of the rigidity of Its 
genetic fixation. The perfection of the organized societies of ants, ter¬ 
mites, bees, and other insects is indeed wonderful, and the activities 
of their members may strike an observer very forcibly by their objective 
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purposefulness. This purposefulness is retained, however, only in en- 
vironments in which the species normally lives. The ability of an ant 
to adjust its activities to situations not encountered in the normal 
habitats of its species is very limited. On the other hand, social or¬ 
ganizations on the human level are built on the principle that an 
individiial is able to alter his behavior to fit any situation, whether 
previously experienced or new. 

This difference between human and insect societies is, of course, 
not surprising. Adaptive plasticity of behavior can develop only on 
the basis of a rather more complex nervous system than is sufficient 
for adaptive fixity. The genetic ifierenccs between human and insect 
societies furnish a striking illustration of the two types of evolution^ 
adaptations—those achieved through genetically controlled plasticity 
of behavioral traits and those attained through genetic specialization 
and fixation of behavior. 

The genetically controlled plasticity of mental traits is, biologically 
speaking, the most typical and uniquely human characteristic. It is 
very probable that the survival value of this characteristic In human 
evolution has been considerable for a long lime, as measured In terms 
of human historical scales. Just when this characteristic first appeared 
Is, of course, conjectural Here it is of interest to note that the most 
marked phylogenetic trend in the evolution of man has been the special 
development of the brain, and that the cbaracterlsttc human plasticity 
of mental traits seems to be usodated with the exceptionally large 
brain size. The brain, for example, of the Lower or Middle Pleistocene 
fossil forms of man was, grossly at least, scarcely distinguishable from 
that of modern man. TTie average Neanderthaloid brain was at least 
as large as that of modem man. though slightly different in shape. 
More important than the evidence derived from brain size is tho test!* 
tnony of cultural development. The Middle Acheullan handiwork of 
Swanscombe man of several hundred thousand years ago and the beau¬ 
tiful Mousterian cultural artifacts associated with Neanderthal man 
indicate the existence of minds of a high order of development. The 
cultural evidence thus suggests that the essentially human organization 
of the mental capacities emerged quite early in the evolution of man. 
However that may be, the possession of a gene system which conditions 
educability rather than behavioral fixity is a common property of all 
living mankind. In other words, educability is truly a species character 
of man. This does not mean that the evolutionary process has run its 
coune and that natural selection has introduced no changes in tho 
genetic structure of the human species since the attainment of human 


THE SiGNinCANCE OF ISOLATE DIFFERENCES 


493 


Status. Nor is ther« any implIc&tioQ that no genetic variations in mental 
equipment exist at our time level. On the conCrA7y> it seems likely that 
with the attainment of human status that that part of man's genetic 
system which is related Co mental potencialides did not cease to be 
labile and subject to change. 

This brings us once more face to face with the old problem whether 
significant genetic differences in the mental capacities of the various 
ethnic groups of mankind exist. Tlie physical and, even more, the 
social environments of men who live in different countries are quite 
diversified. Therefore, it has often been argued, natural selection 
would be expected to differentiate the human species into local races 
differing in psychic traits. Populations of different countries may 
differ in skin c^r. head shape, and other somatic characters. Why, 
then, should they be alike in mental traits? 

It will bo through investigation rather than speculation that the 
problem of the possible existence of average differences In mental 
make*up of human populations of different geographical origins will 
eventually be setdod. Arguments based on analogies are precarious, 
especially where evolutionary patterns ore concerned. If ethnic groups 
differ in structural traits, it docs not necessarily follow that they must 
also differ in mental ones. Ethnic group differences arise chiefly be* 
cause of the differentia] action of natural selection on geographically 
separated populations. In the case of man, however, the structural and 
mental traits are quite likely to he influenced by selection in different 
ways. 

We have seen that ethnic differences in traits such as the blood 
groups may conceivably have been brought about by genetic drift in 
populations of limited effective site. Othor ethnic trails are genetically 
too complex and too consistently present in populations of some large 
territories and absent in other territories to be accounted for by genetic 
drift alone. Differences in skin color, hair form, nose shape, etc., are 
almost certainly products of natural selection. The lack of reliable 
knowledge of the adaptive significance of these traits is perhaps the 
greatest gap in our understanding of the evolutionary biology of man. 
Nevertheless, it is at least a plausible working hypothesis that these 
and similar traits have, or at any rate had in the past, differential sur* 
vival values in the environments of different parts of the world. 

By contrast, the survival value of a higher development of meotal 
capacities in man is obvious. Furthermore, natural selection seemlogly 
favors such a development everywhere. lo the ordinary course of 
events in almost all societies those persons are likely to be favored who 
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silow wisdom, maturity of judgment, and ability to get along with 
people—qualities whicb may assume different forms In different cul¬ 
tures. Those are the qualities of tlie plastic personality, not a single 
trait but a general condition, and this is the condition which appears 
to have been at a premium in practically all human societies. 

In human societies conditions have been neither rigid nor stable 
enough to permit the selective breeding of genetic types adapted to 
different statuses or foims of social organization. On the other hand, 
the outstanding fact about human societies is that they do change 
and do so more or less rapidly. The rote of change was possibly com- 
paratively slow lo earlier societies, as the rate of change in present-day 
non-literate societies may be, when compared to the rate characteriz¬ 
ing occidental societies. In any event, rapid changes in behavior are 
demanded of the person at all levels of social organization even when 
the society is at its most stable. Life at any level of social development 
is a pretty complex business, and it is met and handled most efficiently 
by those who exhibit the greatest capacity for adaptability, plasticity. 

It is this very plosticity of his mental traits which confers upon 
man the unique position which he ccatpios in the animal kingdom. 
Its acquisition fre^ him from tlie constraint of a limited range of bio¬ 
logically predetermined responses. He became capable of acting in a 
more or less regulative manner upon his physical environment instead 
of being largely regulated by it. The processes of natural selection in 
all climes and at all times have favored genotypes which permit greater 
and greater educability and plasticity of mental traits under the In¬ 
fluence of the uniquely social envlroomonts to which man has been 
continuously exposed. 

As Muller has pointed out “racial genetic differences ... may well 
be insignificant in comparison with the individual ones, owing to the 
lack of any substantial difference in the manner of selection of most 
of these characters in the major part of the past history of the various 
human races.“ Whether or not we are reasonably justified in assuming 
that there has been little if any significant change in man's mental 
potentialities during the major part of his past history, this does seem 
to be reasonably clear, namely, that the effect of natural selection in 
man has probably been to reader genotypic differences in mental 
traits, as between individuals and particularly as between ethnic 
groups, relatively ujumportant compared to their phenotypic plasticity, 
losteod of having bis responses genetically fixed as in other animal 
species, man is a species that invents its own responses, and it is out 
of this unique ability to invent, to improvise, his responses that his 
cultures are bora. 
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Hence, we should expect to £nd tlie range of inherited capacities 
in nil humnn groups "just about identical." 

The Isolate Effect In Cultural Differentiation 

A question often asked is: Why do the cultures of different ethnic 
groups frequently differ so considembly from our own? If the mem* 
bers of all ethnic groups are clianicterized by a range of inherited 
capacities which are about identical, why have not all ethnic groups 
arrived at a stage of cultural development which is about identical? 

Very briefly, tlio answer is: Because culture is not a function of 
inlierited capacities alona but of inherited capacities plus experience, 
and dtat in so far as tl\« experience of ethnic groups has been differ* 
ent in so far will their cultures be different. By experience is meant 
anything that an individual or group of Individuals, has undergone 
or lived, perceived or sensed. The reason why the cultures of different 
ethnic groups differ so much from our own i$ that these groups have 
been exposed to experiences which differ os considerably from our own 
as do the cultures in question. 

Hod the reader and tlte author of the present volume, with their 
present genetic backgrounds, been bom and brought up among a 
group of Australian aborigines they would now be, culturally and 
mentally, Australian aborigines, tliough physically they would each 
remain members of dieir own etlmic group; for experience is deter* 
mined by the place and culture in which groups and Individuals live, 
and It is for this reason that groups and individuals belonging to dif* 
ferent cultures will differ mentally from one anotlier. Our physical 
structure would not have varied substantially from our parental ethnic 
type because it was genetienUy determined hy our present parents, but 
our culutral equipment would have been that of on Australian aborig* 
inal. Why? Because culture, and by culture is to be understood 
socially transmitted social behavior and all its products, is something 
one acquires by experience, unlike one’s physical characters, which one 
acquires through the action, for the most part, of inherited genes; and 
the culture of individuals, as of groups, will differ according to the 
kind of experience wldch they have undergone. We have every reason 
to believe that the culture of different peoples, os of different indi¬ 
viduals, is practically entirely a reflection of their past history or ex¬ 
perience. 

If this is true then it constitutes a very hopeful discovery for man¬ 
kind, for we have not had much success 4n controlling the genes, and 
there is no great prospect that we shall be able to do so very much 
better in the immediate future, nor can we change those of mdlviduals 
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now alive. But we can change the cultural orgwuaaHon o£ a group 
or of an individual, and by this means bring about the changes we 
desire. 

All learned activities are culturally, and not biologically, deter¬ 
mined, whether those activities are based upon basic needs or tradi¬ 
tional practices, The generalized urges which all human beings in 
common inherit continue to be present In all human beings in all 
cultures, but how these urges are permitted to operate, and how they 
are satisfied, is something whidi Is determined by tradition, end varies 
not only in different cultures but in different groups within the same 
culture. For example, one of the fundamental urges which we all 
inherit is the urge to eat, Now, different human groups, to whom the 
same foodstuffs may, or may not, be available, not only eat different 
foods, but prepare them in ways peculiar to themselves, and consume 
them with or without implements in a variety of different styles, usu« 
ally for no better reason than that it Is the customary practice to do 
so. The potentiality of speech is genetically determined, but what lan¬ 
guage we shall speak and how we shall speak it. Is determined entirely 
by what we hear In the culture in which we have been conditioned or 
cultuiallicd, Human beings everywhere, when they are tired, experh 
ence a desire to rest, to sit down or to sleep, but the manner In which 
they do all those things is culturally determined by the custom of the 
group in which they live. Many other instances will doubtless occur 
to the reader's mind. The important point to grasp here is that even our 
fundamental biological urges are culturally controlled and regulated 
or culturalized, and their ve^ form and expression, not to mention 
their satisfaction, molded according to the dictates of tradition, 

Different cultures are really the expression of different isolate 
effects, differences in experience determined by limiting factors such 
as physical, geographic, and social barriers. Since this is so, the con¬ 
cept of cultural relativity applies here, that is to say, all cultures, 
and cultural achievements, must be fudged io relation to their own 
cultural history, and definitely not by the arbitrary standard of any 
single culture such, for example, os our own. 

Judged in relation to its own history each culture is seen as the 
resultant of the responses to the conditions which that history may 
or may not record. If these conditions have been many and complex 
in character, then so will the culture be. Culture is essentially a rela¬ 
tion which is the product of the interaction of two correlates, the one a 
plastic, sensitive biological being, the other simply—experience. If we 
agree that mankind is everywhere plastic, adaptable, and sensitive, 
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then (he mental and cultural diSerences which exist between Jiffeient 
groups of mankind can be accounted for on the basis of a difference 
in experience. And this, when everything is taken into consideration, 
seems to bo a reasonably satisfactory explanation of the mental and 
cultural differences wlilch exist between the ethnic groups of man. 
However, the possibility remains that genetic factors may play a more 
important role in producing such differences than wo at present 
understand. 

One or two examples of the isolate effect and of cultural relativity, 
as ft were, in action, may be given here. 

Four thousand years before the birth of Christ the peoples of 
Europe were living in a Mesolithic or at best Early Neolithic phase of 
cultural development, whereas at tliis period the civilization of the 
Egyptians, as represented by the Old Kingdom (IV-Vl dynasties, 
4000'3335 B.C.)» had reached one of its most splendid periods. Six 
thousand years ago and less the peoples of these great cultures could 
have looked upon the Europeans ns savages comparable to beasts and 
by nature completely incapable cf civilization—and hence, better ex* 
terminated lest they pollute the blood of their superiors! Whatever 
sins the Europeans have since committed, they have at least shosvn 
that given a sufficient amount of time and experience tliey were cap* 
able of cultural development not less chon that to which tho peoples of 
the early kingdoms of Egypt attained. 

Here we have an example of cultural relativity. If we use time 
as our framework of reference and say ‘'The Egyptians have had a 
much longer time titan we in which to develop as far as we have 
culturally—why haven't they?” the answer is that time is not a proper 
measure to apply to the development of culture or cultural events; it 
is only a convenient framework from which to observe their develop* 
meat. Cultural changes which, among some peoples, have taken cen* 
turies to produce, are among other peoples often produced within a 
few years. The rate of cultural change is dependent upon a multi* 
plicity of different conditions, but the one indispensable and necessary 
condition for tho production of cultural diange is the irritation pro* 
duced by the stimulus of new experiences. Without the irritation of 
such new experience cultural change is exceedingly slow. Hence, if 
new experience is the chief determinant of cultural change, then tlie 
yardstick by which we may most efficiently judge cultures is that of 
the history of the experience which has fallen to the lot of the cultures 
observed. In other words, to evaluate cultural events properly one 
must judge them by the measure of experience viewed tlirough the 
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fr^ework of time. We, of the Western world, have packed more v^* 
eties of experience into the past two thousand years than has prohaWy 
fallen to the lot of the Australian aborigines, and other peoples, 
throughout their entire history. Hence, any judgments of value ^ 
may attempt to make as between our own culture and tliat of other 
peoples will be quite invalid unless those judgments are made m terms 

of experience. . 

If then, the essential physical differences between the ethnic 
groups of mankind are Urgely limited to adaptive characters such as 
skin color, liair form, and nose form, while the cultural and mental 
differences are due principally to differences in experience, then from 
the socio-biologlcal standpoint all the ethnic groups of mankind must 
be adjudged as, at least, potentially more or less equal. 

All nomial human beings are everywhere bom as culturally in¬ 
different animals, and they become culturally differentiated accord¬ 
ing to the social group into which they happen to be born. Some of 
the culturally differentiating media are neither as complex nor as 
advanced as others; the Individuals developed within them will be 
culturally the products of their cultural group. As individuals they can 
no more be blamed or praised for belonging to their particular cultural 
group than an individual can either be blamed or praised for being 
bom into a particular class in the social group. Culture, the culture 
of any group, is more or less determined by acddentfll factors which 
the group, as a group, has usually done little to bring about, The more 
advanced cultures have merely been luckier in the breadth satid variety 
of their experience, in their contacts, than the less advanced cultures. 
By the pure accident of geographical locality, rather than by the 
amount of time they have had at their disposal, and by the aceidenls 
of history, the peoples of Europe have found themselves in the very 
center of the maelstrom of cultural development. Experiencing the 
fertilizing effects of the various cross-currents of different seminal cul¬ 
tures to which they have been exposed, the cultures of Western 
Europe, for example, could hardly have avoided advancing beyond 
the state of development of many other cultures wldch have, in com* 
parisoo, remained relatively isolated from such stimulating effects. Let 
it be remembered that man is the creature who transmutes accidents 
into opportunities, but that in order for him to be able to do so he 
must fall heir to a fair share of accidents. 

Much as physical variability is limited and reduced by isolation, 
so is cultural variability limited and reduced by isolation, while the 
removal of the isolating barriers produces exactly the opposite effect. 
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Chapter DC 


HEREDITY AND THE INFLUENCE OF THE 
ENVIRONMENT URON MAN 

Thus far we have coDsidered mankind In various groups and a$ a 
whole, in the present chapter we ahall consider man as a person, find 
we shall seek to determine what relation exists between heredity and 
environment In determining his physical development. We have al* 
ready discussed this relation with respect to the mental and cultural 
development of mankind. 

THE TWIN METHOD OF STUDYING THE EFFECTS OF 
HEREDITY AND ENVIRONMENT 

Twins have been used as a favorable means of investigating the 
relative effects of environment and of heredity upon the pliysical and 
mental development of the Individual. It was Frauds Galton who Rrst 
pointed out the value of tliis method. ’Twins” he wrote “liave a spedal 
claim upon our attention; it is that their history affords a means of 
distlnguisliing between the effects of tendencies received at birth 
and of those that were imposed by the spedal circumstances of their 
after-lives.'’ ^ 

It was Galton, in fact, who first committed the error into which 
many students of twins have since fallen, namely, the error of assum¬ 
ing that all likenesses exhibited by twins are genetically determined, 
while most of the differences whi^ they exhibit are environmental in 
origin. 

With respect to monozygotic twins, i.e,, "identical twins," originat¬ 
ing from die same ovum, there can be not the slightest doubt that the 
physical likenesses are due to a fundamental genetic likeness, and there 
can also be little doubt that many of the mental likenesses are due 
to the same cause. There can, however, be equally little doubt that 
many of the mental likenesses, as well as the differences, are due to 
environmental factors. 

The cliche "Identical twins" used as a synonym for monozygotic 
twins is an unsatisfactory one for the reason that monozygotic twins 
* Fraods Galton, Inquiries Into Human PacuUv and Ui DssslopmcrU, London, 
1$S3. 
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are rarely, if ever, identical. Prenatal difFercnces in blood supply, 
position, pressure, etc., generally produce effects which in many ways 
serve to produce a differential effect upon each twin. As Newman, 
Freeman, and Holzinger write, "General biological facts suggest that 
. . . prenatal conditions produce differences of significant magnitude 
in the personal characteristics of identical twins and possibly, therefore, 
in tho organic substrate of mental abilities and personality. For et- 
omple, identical-twin embryos differ more In size than do fratemal- 
twin embryos, and identical twins differ as much as fraternal twins, 
i.e., dizygotic twins, derived from separate ova at birth. The prenatal 
mortality rate of identical twins is several times as high as that of fra¬ 
ternal twins, and very frequently one member of an identical-twin pair 
dies before birth, showing symptoms of Injury from lack of nutrition. 
There is an exchange of blood supply between identical-twin fetuses 
which frequently produces an imbalance in blood exchange Co the 
disadvantage of one twin. Conjoined twins (Siamese twins) show 
marked differences in height, weight, features, and intelligence. The 
differences between completely separated identical twins may have 
the same origin as these differences. These considerations predispose 
the biologist to attribute to prenatal factors the predominant share 
in the causation of differences between IdenHcel twins reared to¬ 
gether.” 

From fertilization on, small changes may occur In the egg which 
will affect the development of various characters. The inner environ¬ 
ment because of random variation may have different effects In dif¬ 
ferent parts of the embryo. Indeed, as Dahlberg has pointed out, 
small purely accidental variations in the environment of the egg and 
in the eml^yo can have a decisive effect. The characteristics of a 
fully grown individual can therefore be said to depend not ooly on 
inheritance and environment, but also on pure chance. 

Thus, it is seen that during prenatal development environmental 
factors are already producing different effects upon originally genet¬ 
ically identical organisms. It Is therefore an error to assume that at 
birth monozygotic twins are ‘'identical.’' The effects of prenatal eo> 
vironmental factors upon the operation of the genetic system in organ¬ 
izing indi^rent tissue may be, and probably often is, considerable. 
Such differences not only express themselves in physical chaxaoteristics, 
but may also be expressed, as Newmao and his co-workers suggest, 
in the organic substrate of mental abilities and personality. While some 
of the physical and mental differeoces between identical twins prob¬ 
ably arise in this manner, there is reason to doubt the soundness of 
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artribuHag “to prenatal factors tbe dominant share in the causation 
of differences bet>veen identical twins, reared together.■’ This may be 
so in many cases biit it need not be so In all. 

We may accept the important r61e played by prenatal factors in 
producing di^rencos between monosygotic twins reared either apart 
or together, but it should be quite obvious that when we find that 
monozygotic twins reared apart exhibit greater differences than those 
reared together, the greater diffeience is most probably due to the 
difference in environment. This Is abundantly i)roven by the findings 
of Newman, Freeman, and Holzinger, to the eSeot that “educational 
and social changes in environment are effective in producing voria* 
tions in such traits as intelligence and school achievement. Some 
slight change is also suggested in the case of temperament. Variations 
in physical environment ore responsible for cltanges in weight and, 
again, to some extent in temperament.” Tliey add, 'The anolysis Indl* 
cates that the rdle of heredity and environment in producing twin 
dlFerences is a function of the type of environment. . . . From the 
viewpoint of the educator it Is important to note that extreme differ* 
ences in educational and social environment are accompanied by 
significant changes in intelligence and educational achievement as 
measured by our tests.” 

The organism, which Is always the solution of the heredity •en¬ 
vironment equaUoD, will vary as tlie terms of this equation vary. 
Where one cl the terms, heredity, fs relatively constant, as in mono¬ 
zygotic twins, while the other term, environment, is variable, the 
differences In the result of the equation must for the most port be 
attributed to the environmental factors, prenatal and postnatal. 

Stated very simply, the individual is the expression of five inter¬ 
acting and interdependent fundamental factors; (1) a system of ge¬ 
netic relations, (2) A system of developmental relationships influenced 
by the maternal uterine environment, (3) family environment, (4) 
general socio-economic enviroument, and (5) general physical en¬ 
vironment. If, as is necessary, one is to evaluate the relative Impor¬ 
tance of these factors it can be laid down as a general principle that 
the environmental factors produce the most important effects upon 
tbe mentality of the organism. Whatever the action of the environ¬ 
mental factors may be the organism will always develop, in general, 
according to the basic '‘pattern" determined by the genetic system. 
But that basic structure can be tahen very much for granted; what is im¬ 
portant—and vastly more important—is the regulation and filUng-in 
of the details of that "pattern,'' This is where the environmental fac- 
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tors play their important rdle. It may not be possible to mohe a silk 
purse out of o sow’s ear, but by su0cieQtly depressing the qualify 
of the environmental factors ;t is possible to make a sow’s ear out of 
materials which, under the proper conditions, could have been woven 
into a silk purse. 

In an investigation of tlie temperament of monozygotic twins, 
Cattell and Molteno found that in tlie factors of temperament tested, 
such as fluency of association, perseveration, and surgency (quickness, 
cleverness, wit), environment played a mote important part than 
heredity. For fluency of associadon and, they presume, surgency, "en* 
vironment is about eight times as efficacious as heredity in the pro* 
ductlon of the mean differences between children of the same family 
and five times as Important in accounting for variance within the 
family.” 

These conclusions nre of the first importance because hitherto 
even the most extiome environmentalists were reedy to admit that tern* 
perement wns for tho most part genninally determined. One may 
still believe that this is so> but in tho light of recent psychodynamic 
studies an important modification in this belief must be made, namely, 
that environment plays a much more important port in determining 
tempernment than has hitherto been supposed. 

Monozygotic twins are in every respect more alike than are any 
other kinds of siblings, and it must 1)0 assumed that In the organic 
substrates of mind they are similarly more alike. Evidence in support of 
this Is, in fact, to be found in the studies of the brain waves taken with 
the electroencephalograph on twins; in Identical twins these waves 
follow an almost identical course. Nevertheless, whether they are 
reared together or apart, monozygotic twins are always character* 
terized by mental differences of varying magnitudes, and these differ* 
ences, recent researches indicate, are to a large extent to be attributed 
to environmental factors. As Newman and co-workers conclude, *We 
feel in sympathy with Professor H. S. Jennlng’s dictum that what 
heredity can do environment can also do.” 

Tests on identical twins reared apart from each other indicate that 
country life has a le4s stiimilating effect upon intellectual develop¬ 
ment than urban life, the urban reared twin being invariably ahead 
in this respect of his mrnl bred twin, Such studies demonstrate that 
educational advantages have a marked effect on the qualities of in* 
telligeoco which it is possible to measure. Such findings by no means 
underestimate the importance of heredity. They succeed rather in 
clarifying the important r61e which it plays, and at the same time 
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bring ou( and emphasize the significance of appreciable differences 
in the environment for the development of the individual's innate po¬ 
tentialities. As Woodworth has recently pointed out, "When individ¬ 
uals of identical heredity are subjected to environments differing 
about as much as tliose of the children in an ordinary community, 
such identical twins differ much less than tlio children of such a com¬ 
munity. Tlierefore the differences found among the children of an 
ordinary community are not accounted for, except in small measure, 
by differences in homes and schooling.” 

In other words, heredity would appear to play a considerable part 
in determining the individual’s response to his environment. We arrive 
then, at the conclusion that environment provides the opportunities 
for the development of innoie pofcniiclities which ore limited hy 
heredity. For all practical purposes, however, it may be said that 
the limits of heredity can only be reached in an environment which 
is itself unlimited, in the sense of affording unrestricted opportunities 
for development to the individual. This, in fact, has rarely occuned. 
As Thorndike put it many years ago, 'To the real work of mao for 
man,—the increase of acliievement through improvement of tho en¬ 
vironment,—the influence of heredity offers no barrier." 

Tlie study of "foster children" again serves to emphasize the im¬ 
portance of the r6b played by environment in shaping the intelligence, 
personality, and social qualities of the subject. The limiting factors of 
heredity are clearly brought out in these studies, but at the same time 
it is demonstrated that the environment is, all things considered, a 
most important factor in the development of the (limited) hereditary 
powers. 

CRIMINALITY IN TWINS 

If heredity has anything whatever to do with behavior, one-egg 
twins should be very much alike in behavior, at least significantly 
more so than two-egg twins. Several Investigators have recently occu¬ 
pied themselves wltli the study of the concordance of criminal be¬ 
havior in onc-egg twins as compared with two-egg twins. When both 
members of a twin pair were found to be similar with respect to the 
commission of one or more crimes, they were termed "concordant"; 
when dissimilar, that is, when one was found to have committed a 
crime and the other not, they were termed "discordant" In Table 
XLIV are summarized the findings of ooe American and four Cuio* 
peao investigators on such adult twins. 

From this table it will be seen that of 104 pairs of one-egg twins 
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70 
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75 

Percent 

67.3 

82.T 
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exMnined, 70 were concordant and 34 wore discordant. The concordant 
were almost exactly twice as numerous as the discordant pairs. On 
the other hand, the two-egg twins showed a discordance almost ex» 
actly twice as great as the concordance shown in this group of 112 
pairs. These ere impressive figures, but what do they mean? Newman, 
the latest writer on this subject, and ovir leading authority on twin¬ 
ning, believes that these figures prove ‘'beyond guesden that hereditary 
factors bulk large among the causes of criminal behavior.” This is 
the opinion of all the investigators mentioned, but In reality such 
studios do not prove, but only suggest, a connection between heredi¬ 
tary factors and criminal behavior. The following comment by New* 
man, who has perhaps observed more twins than anyone else living, is 
to the point here, he writes; 

The only serious criticism I have known to bo aimed at the twin 
method of studying the factors of crime is that one-egg twins far 
more than two-egg twins are close companions in their social ao- 
tivitios and are therefore more likely to encounter together such social 
Influences as might lead to criminal behavior. This is one more in¬ 
stance of lack of control features in nature’s scientific experiments, for 
it can hardly be maintained that the social environment of two-egg 
pairs is as closely similar as that of one-egg pairs. Therefore, environ¬ 
mental similarities may to some extent account for the close con¬ 
cordance in crime of one-egg twins, while lack of any such similarity 
in environment may to an equal exlent account for lack of concordance 
in crime of two-egg twins. Undoubtedly the study of crime by means 
of the twin melhod is less simple than it seemed at the outset.” 

This is, of course, the crucial point. The factor of environment has 
been virtually completely omitted from these studies of criminal be¬ 
havior in twins. Hence, the attribution of the behavior of such twins 
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to hereditary factors may possibly be wriiien off as yet another Ulus* 
tration of the fallacy of faUe cause. 

Since heredity is supposed to play no significant r61e in the case 
of the two-egg twins, if the hereditary theory is to be consisteDt, the 
proportion of two-egg twins who are both affected should be lower 
than the proportion of one-egg twins where only one is affected; for 
one would expect the hereditary factor to be so much stronger in the 
one-egg twins. Ihe actual proportions, however, are almost identical, 
being 33.0 per cent for two-egg concordance, and 32.7 per cent for 
one-egg discordance. Furthermore, as Reckless has pointed out, 
“If biological determination of destiny is correct, a discordant mono¬ 
zygotic one-egg twin set should be impossible, whereas discordant 
dizygotic two-egg sets should be frequent." Tlje actual findings, how¬ 
ever. reveal that one-third of the one-egg pairs of twins investigated 
were discordant. Why did not the hereditary factor for crime declare 
itself in the other one of the pairs of this one-third of single-egg twins? 
If the answer Is that an environmental factor was probably operative 
in these cases, a factor whicli was absent in the case of the criminal 
sibling, then the theory of the hereditary cause of crime collapses 
beyond repair; for it then becomes obvious that It was the absence 
of such environmental factors, or the presence of others, that was the 
one Indispensable condition in the causation of the criminal behaviorl 

It appears then, that just as It takes environmental conditions to 
activate, to organize, and to produce a mind, so, too. does It take 
environmental conditions to organize the hereditarily determined ele¬ 
ments of the nervous system to develop and function, or not. in ways 
which society terms “criminal.” There is not the slightest evidence 
which would lead one to boUeve that anyone ever Inherits a tendency 
to commit criminal acts. On the other hand, the evidence points over¬ 
whelmingly to the fact that criminol acts, and crime as a whole, are 
largely determined by social conditions, and not by biological ones. 

Suicide is, in all occidental societies, regarded as a crime, felc de 
se or self-murder. If the tendency to commit aiminal acts is In any 
way inborn then this crime should occasionally occur in identical 
twins. A recent investigation by Kallman and Anastasio demonstrates, 
on the conCrary, “that except for rare suicide pacts self-destruction does 
not seem to occur in both members of twin pairs, even if the twins 
are alike in type of personality, cultural setting, social frustration, and 
depressive features of a psychosis." Clearly the discordance of suicide 
in monozygotic twins is evidence of the preponderant influence of 
environmental rather than genetic factors in producing seH-destruc- 
don. 
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CONSXmJTlON AND CRIME 

Tlxe late Professor E. A. flootoo was amopg the more recent in¬ 
vestigators of the relation between crime and the physical characters 
exhibited by the individual. Hooton's findings led him to assert that 
•Svhatever the crime may be, it ordinarily arises from a deteriorated 
organism. ... You may say that this is tantamount to a declaraUon 
that tho primary cause of crime is biological inferiority—and that is 
exactly what I mean." 

This, it will be recalled, was the view of the Italian school ot 
criminologists led by Cesare Lombroso. The errors committed by this 
school, and by the students of criminality in twins already discussed 
were recommitted by Hooton. Hooton’s first report was based on tlie 
examination of 4,212 native-born white prisoners of Old American 
stock, and 313 nalive white civilians. Unlike Lombroso, Hooton did 
not set out with any preconceived notions concerning the nature of 
physical marks of Inferiority, but was content to allow the greater 
frequency with which certain physlcsft) characters occurred in his 
criminal series os compared with his civilian series to indicole these. 
TIius, he wrote, "if we find felons to manifest physical differences from 
civilians, we are justified in adjudging as undesirable biological char¬ 
acters those which are ossociated in the organism with anti-soclal 
behavior.... It Is the organic complex which must be estimated in¬ 
ferior or superior on the basis of the type of behavior emanating from 
such a combination of parts functioning as a unit.'* 

An analysis of the charaeteis studied by Hooton in the light of the 
biological standards of what are generally accepted to be "advanced,’* 
■indifierent,” and "primitive," human characters, yields interesting re¬ 
sults. By such standards we find that Hooton’s criminal series show, 
for the combined anthropometric, indicial, and morphological char¬ 
acters, only 4 per cent of primitive, 15.8 per cent of indifferent, and 
the astonishing amount of 40.5 per cent of advanced characters, more 
frequently than the non-criminal sample. 

By biological standards Hooton’s criminal series would, on the 
whole, appear to be superior to his non-criminal series! Whatever 
such a finding may mean, the fact is that Hooton did not draw his 
criminal and non-criminal series from the same local, sodal, eco¬ 
nomic, and occupational levels of the population, and furthermore, 
almost half his check sample was drawn from 146 Nashville firemen; 
in an occupation for which, Hooton observes, "the physical qualifica¬ 
tions are rather stringent.* 
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Id order to make any biological test of differential behavior, it is 
necessary that both the criminal series and the check non*criininal 
series be in every respect similar except in the one condition of be¬ 
havior. The two series must be dra>vn from die same population or 
popiilations, from the same areas, and must come from the same social, 
economic, and occupational levels, Wlieii these requirements have 
been satisfied, and a significantly higher frequency of certain physical 
characters is found among the criminals than among the non-criminals, 
it may be legitimately infened that there is some significant ossociO’ 
tion between criminal behavior and the presence of a high frequency 
of such characters in an individual or in a group. But to infer from this 
that such characters reflect the cause of criminal behavior is to mis¬ 
understand the nature of causation. 

In his investigation Hooton did not satisfy the requirement of 
equating the conditions of his two groups in all but those in which 
they were being compared, and he did fall into the error of taking a 
statistical association to be a cause. 

Crime is the resultant of a complex of factors which there is very 
good reason to believe has but little, if any, relation to genetic or 
cooslltudonal factors, and every relation to social ones. It is certain 
kinds of social crganlzatlCD whi^ make for the productlcm of criminals, 
not certain kinds of genes. The genetic potentialities of all persons 
under certain social conditions are capable of being made to function 
in a crlmioal manner. Just es genes do not cause a ma]oriCy of Chinese 
in the United States to become laundrymen, so genes do not cause 
certain individuals to become criminals, in both cases it Is a special 
pattern of sodo-economie conditions which must be regarded as the 
principal causative factor. 

CorutitiOion. The subject of human constitution has been of interest 
to men from the earliest times, and most people still tend to see in the 
physical appearance of the individual dues to his functional character. 
That there exists some relationship between the body habitus of an 
Individual and his functional character seems probable, and in the last 
quarter of a century a considerable amount of work has been done 
in the hope of throwing some light upon the nature of this relationship. 

Constitution may be defined as the sum total of the structural, 
functional and psychologic characters of the individual. It is in large 
part determined by heredity but influenced in varying degrees by 
environmental factors, It fluctuates in varying degrees over a wide 
range of normality and occasionally crosses an arbitrary boundary 
into abnormality or pathology. 
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Thft problem in studying coDstttuKon is to analyze and define the 
relations of its component parts in the individual, and its ultimate goal 
is the development of a constitutional typology which will allow, on 
the basis of certain measurements, the classification of individuals into 
constitutional types, This is obviously an exteremely difficult prob¬ 
lem, and although much work has been done in this field, the study of 
constitution is still in its very early beginnings, while the relationships 
It seeks to discover and elucidate are still largely in the realm of 
unsolved problems. 

In 1921 the German psychletrlst, Ernst Kretschmer, desalbed three 
morphologic oonstilutlonal types, the pyknic, aihUtic, and asthenic. 
and discussed tho relation of normal and abnormal types of mind to 
each of them. He found that manic-depressive psychoses were pre¬ 
dominantly associated with the pyknic habitus (stocky, well-padded, 
compact), while tho asthenic habitus (tall, lean) was predominantly 
associated with schizophrenia. In general the relation has not been 
confirmed by independent investigators, but the Krctschmerian method 
of typing is scarcely refined enough since It deals in rather extreme 
types. The principal fault witli most constitutional typologies has been 
that they have approached the individual os If he were constituted of 
one piece. Desiring to give a description of the organism as a whole, 
students of constitution have erroneously assumed that the organism 
should be measured as a whole. This is a pre-Mendellan method of 
observing morphologic facts. Human structure is not transmitted as a 
single morphologic block but as a large variety of distinct units or 
components In Interrelation. Interrelation of these distinct components 
together forms the complex whole, the morphologic habitus. Because 
these components are the expression of the modified action of different 
groups of genes on different auCosomes, their varieties and eombi- 
nations in forming a morphologic whole are practically unlimited. 
Hence, any attempt to describe morphologic types on the basis of the 
gross description of the organism as a whole is foredoomed to failure. 
Certainly the Individual must be studied as a whole, but the deacrip- 
Hon of that whole can satisfy scientific requirements only when the 
component parts which enter into its formation are analyzed and 
their interrelations properly understood. 

The method of somalotyping developed by W. H. Sheldon during 
the last twenty years, though more elaborate and ambitious than previ¬ 
ous attempts, has proved even less satisfactory than these earlier ad¬ 
ventures in fixing the elusive relationship between body and mind. 
Sheldon’s constitutional method turns out to resemble the phrenology 
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of an cmUct day. except that in Sheldon’s somatotyping the body as a 
whole has its bumps, so to speak felt, rather than the head alone. 

Physique and TemperomenL Quantitative studies have again and 
again demonstrated that the relationships between physicnl traits and 
temperament which are popularly believed to exist do not, in fact, 
exist. Blondes and brunettes are not temperamentaHy distinguishable, 
height, weight, length or breadth, shape of skull, cranial capacity, skin 
color, or any other physical trait has never been shown to have any 
connection with temperament or intellect. It would seem that the 
genetic determinants of temperament axe quite independently in¬ 
herited of those which determine the traits of the body. This is not 
to say that the possession of certain physical traits may not socially 
condition the behavior of the person. Being a person of color in the 
United States or the Union of South Africa Js an obvious association 
having marked effects upon behavior in such persons. In societies In 
which physical beauty is highly valued the homely person is likely to 
exhibit certain behavioral traits which are the effects of frustration and 
insecurity. Psychosomatic medicine has revealed the profound effects 
which the psyche may have upon somatic processes and vice werM, and 
that, indeed, the psyche and the soma are but different aspects of the 
functioning of tlie same thing, the organism as a whole. Let any part 
of the organism be affected and the whole is more or less affected, 
and at the same lime the whole organism affects the part. Genetic, 
physiological, psychological, and envlommental factors of various 
sorts, enter into the total partem, and the rAle which each plays must 
be carefully assessed In considering the status of the organism at any 
one time. Temperament is a labile system of potentialities which is 
markedly affected by environmenUl conditions, and whUe it is possi¬ 
ble to classify temperaments, it is another thing to understand the na¬ 
ture of their determinants. 

Fflciof Aruiiyais. Another method of approaching the problem of 
body form and behavior is that of factor analysis. In factor analysis 
the object is to sImpUfy the description of the data by reducing the 
number of variables which will provide the fewest differentia covering 
the widest number of attributes. In factorial constitutional studies 
one begins with a correlation matrix, that is, a table of Intercorrela- 
tions among a set of measurements, and one ends with a factor matrix, 
that is, a table showing the weight or loading of each of the factors 
in each of the measuremenb or group of related measurements, In 
this way one obtains factors for a number of traits of a person which 
may be directly compared with the factors similarly derived from the 
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rneasurements of other persons. Most promising id tliis field is the 
work of W. W, Howells, 

It is important to understand that constitution, body'Cype, and 
inheritance are not the same things. Constitution is the aggregate of 
characters, structural, functional, and mental of the individual, which 
are in part determined by genes and in part by environment. Obvi* 
ously, then, constitution embraces botli inheritance and body*type, 
Inheritance is the total genetic endowment witli which the Individual 
is born; body-type is one expression of that genetic endowment in 
interaction with the environment. It should be clear that useful 
knowledge of the relationship of constitution to temperament and to 
disease will require die tracking down of alleles, and that body-type 
short cuts will not suffice. 

To concludo, then, thus far all attempts to establish an integral 
relationship between traits of the body and behavior have failed, The 
problem, however, is still in its exploratory stage of development. 
Success, If it is ever achieved, will undoubtedly prove to be so in a 
statlsHcal sense, that is to say, that some correladons between traits 
may be found which will allow prediction only within fairly wide 
limits. 


CONSTITUTION AND DISEASE 

Much evidence exists wliich indicates that suscepHhIllty to cortain 
diseases is associated with constitutional factors. But the briefest of 
surveys of tliis association can be attempted here. The usociation is 
dealt with in several recent volumes fairly exhaustively. 

Tub4rculom. Much evidence Is now available which points to a 
high correlation between susceptibility to ell forms of tuberculosis and 
the tall-thin, lepiosomlo, asthenic or ectomorphic habitus. Petersen has 
even argued that freedom from tuberculosis depends on natural resist¬ 
ance and not on acquired immunity. The importance of the constitu¬ 
tional factor is well illustrated by the practically identical course 
which the disease follows in monozygotic twins, It often happens, 
however, that tuberculosis affects only one of a pair of monozygotic 
twins. Ad important fact, since it shows that the constitutional factor 
is only in part associated with the development of the disease. When 
only one twin develops the disease the prognosis is good for the 
affected twin. The affected twin, it is presumed, has succumbed despite 
a relatively high resistance. In redheads and persons with freckles tu¬ 
berculosis tends to follow a stormier course than in other complexioned 
individuals. 
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Gastro-InUtHnal Dis4ase. Most Investigators have found & high 
corrdatjon between the asthenic habitus and diseases of the gastro* 
intestinal tract, Diseases of the gall-bladder, however, appear to be 
dosely associated with the thick, stocky build, while the ulcer type is 
more generally asthenic. Peptic ulcer patients have longer and thinuer 
necks than patients with gall-ladder disease. In persons showing a 
mOrture of feminine and masculino features (gynandromorphy) gastric 
ulcer appears to be conspicuously absent. 

ArthritU. Osteo*ajthritIs appears to bo significantly associated with 
the endomorphic pyknic habitus, whde rheumatoid arthritis has a 
tendency to be associated with tl« mesomorphic atlUetlc types. 

Heart Dweaae. When valvular diseases of the heart follow rhcu- 
matic fever and otlier infectious diseases, tall thin Individuals are most 
often the victims. For other forms of heart disease the evidence indl* 
cates a correlation with mesomorph/. 

InfantiU Paraly^it. Draper first revealed the existence of a con* 
sHtubonal faclor to susceptibility to Infantile paralysis. Among sus- 
ceptibles thore is a lack of coordination between growth and develop¬ 
ment, expressed In a tendency to overgrowth and retarded develop¬ 
ment, Susceptible children often present a facial appearance, marked 
by the follosving characters: persistent eplcanthic fold, excessive inter- 
toner canthiis space, relatively flat nasal root, large central Incisors and 
central Incisor spacing, long curved eyelashes and pigment spots, 
These individuals are generally endomorphic mesomorphs or meso¬ 
morphic endomorphs. Addair and Snyder have recently provided 
suggestive evidence of the genetic susceptibility, of some family lines 
at any rate, to poliomyelitis. The pedigrees analysed suggest an auto¬ 
somal recessive gene, showing about 70 per cent penetrance. 

Diabetes. In diabetes mellltus two morphologic types have been 
recognized: one mostly associated with pancreatic diabetes, and the 
other with diabetes of pituitary origin. Persons with the former tend 
to be predominandy endomorphic, while those with the latter lend to 
fall into intermediate smd linear groups. 

Menstrual DUfurbances. Bayer 1^ shown that virile and hypo- 
feminine women are subject to amenorrhea (abnormal stoppage of 
the menses), hyperfeminine women lend to have disturbances in 
menstrua] rhythm and flow, while feminine types arc essentially nor¬ 
mal. 

Constifutioruil Factors in Cynecology and Obstetrics- 'It is well 
Jaiown that red-haired women frequently have a postpartum hem¬ 
orrhage even though the delivery was spontaneous and skillfully 
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managed'’ (Cellhom), Such observations liave impressed some obsle* 
tricions wilh tl»e importEmce <rf the constitutional factor in influencing 
the character of the various functions subserving the reproductive 
processes. Familial icterus (hemolytic jaundice), toxemia of preg¬ 
nancy, difficult labor, infant mortality, and many other obstetric com¬ 
plications ore suspected, in many cases, to have an underlying 
constitutional cause or to be associated with body type. Seibert, for 
example, has shown that there are certain constitutional differences 
between mothers who had some infant deaths (infants under one 
yew) and mothers whose reproductive histories showed no iofant 
deaths. In 262 cases investigated, mothers who had experienced infant 
mortality among their offspring were, on the average, shorter in stature 
and related measurements than mothers with no Infant mortality. The 
mean girth measurements were greater than in the nODmortallfy group. 
In body habitus the former tended towards the pyknic, the latter 
towards the asthenic. The asthenic character in the former was es¬ 
pecially marked in the trunk end legs. 

Longevity. Possibly the most complete demonstration of the rela¬ 
tionship of a measurable function al character to the rate and character 
of aging is Bernstein’s proof that early onset of longsightedness (pres¬ 
byopia, due to a loss of elasticity of the crystallloe lens) indicates early 
death by senile degeneration. 

Another functional characteristic, In itself complex, with which 
duration of life is highly correlated, is what Pearl has called the rate 
of living. Length of life is generally in inverse proportion to rate of 
Uvlng. The more rapid the pace of living, the shorter the time ffial 
life endures. To a large extent rate of living is determined by consti¬ 
tutional factors, but the regulation of the rate of living Is to a certain 
degree within the power of the Individual. Pearl has shown that 
heredity plays an important part in the determinotion of human lon¬ 
gevity. The Interesting question from the constitutional standpoint is 
whether there are any measurable morphologic or physiologic charac¬ 
ters which in the healthy iodividual would Indicate bis probable span 
of life. Pearl and Moffett found, indeed, that in Individuals measured 
when in good health who eventually died of heart or kidney diseases, 
average minimal chest girth on expiration and maximat chest girth on 
Inspiration were greater in short-lived than in long-lived individuals. 
In all girths and in body weight, persons destined to die of diabetes 
on the average exceed persons in normal and most other disease 
groups. 

Regarding body habitus, the short-lived who die of heart or kidney 
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diseases tend to be more frequently pykuic than otherwise, while the 
short-lived who die of cancer and pneumonia tend to be of inter¬ 
mediate type in the direction of the asthenic habitus. 

In all the series studied by Pearl and Moffett, including diseases of 
the heart and circulatory system, nephritis and other kidney affections, 
cancer, pneumonia (all forms), accident, and diabetes, the mean 
pulse rate was higher in the short-lived than in the long-lived group. 
Mean pulse rate (beats per minute) in the long-Us^d group was, in 
the heart group, for example, 72,85, and in the short-lived group 74.38. 
Pear] and Moffett lemark "It is perhaps not unreasonable to suppose 
that the heart of the short-lived group of the heart series, for example, 
that had beat more than 18,246,000 times more In the first 41 years of 
its life than had the heart of the average man In the long-lived group 
of the same series, would not ho likely to lost so long thereafter. Many 
diverse lines of Inquicy have led to the conclusion that die duration of 
life in general varies inversely with the rate of living. The present 
findings as to the comparatlvo rate of heart beat in the long-lived and 
the short-lived appear to odd further confirmation to this generaliaa* 
tion,*' 

The same investigators found In the heart series that the mean 
systolic (heart contraction) and diastolic (heart dilatation) blood 
pressures of the short-lived group (134/20) were lower than those of 
the long-lived group (136/46). 

Basal MeUiholitm. Seltzer has shown that ‘linear" individuals and 
those with relatively shorter upper and lower extremities, longer torsos, 
Batter chest outlines and nanower hips relative to breadth of shoulders, 
have higher oxygen intakes in the resting state than their laterar 
counterparts. In moderate exercise, greater mechanical efficiency is 
shown by the laterals, while in exhausting work, greater capacity per 
kilogram of body weight for supplying oxygen to the tissues is shown 
by the llnears. 

Lucas and Pryor found that normal slender-huilt children generally 
have higher basal rates than broad-built children of the same age-sox 
group. For Uneais, high basal metabolic rates are the rule, and total 
calories per hour, calories per kilogram body weight per hour and 
calories per square meter body surface per hour are also higher. 

SEX DIFFERENCES IN CONSTITimON 

The differences between males and females are largely determined 
by those processes and functions which subserve the end of reproduc¬ 
tion. Almost all differences between the sexes stem from this primary 



INTRODUCTION TO PHYSICAL ANTHROPOLOGY 


TABLE XLV 

MOBTAUTT Ra-i« Fhok Each Cato* sy 8sx. WmTK PonjiATtON OP 
OowiNBHTAi. Ukcpco StaT** Fop tmi; Ybaj* lyOT 
UAT66 Pnt 100,000 


TuboreuloaiA of roajMratory nyatom. 

Tubereul«m», otb«f .. 

And iu«equoU9. 

dinAAPi. . 

MiJifDAnt n«oplw>n of buee*l cavity tuid phA^nx. 

MiJifnaot TiAoplMm of difialiTO otcaiu Mid pcntoneum 

MiJiciuntnAo^tAmof feipirttpry lyiuoi. 

MAliKDaDC noc^wm of broMt Mid c*nli«-urlrutry ofgina- 

Mklinunt n^t«m of oth«r uid unApocined dtoo. 

KiowMmA <4 lyinphaUc ami hematopoctie uauM 
Beiuin neoplam. 

Nooplwn of ipupodAed natura. 

AJIprglo dioonlon. 

Tbyrcdd dtMAMP. 

DiabotM mtlllM*. 

OthM tadocriM tland diaeawA. 

AvIumlnoM aod oth« mefobollc diMose*. 

PcmUioui .. 

Ifomopbllia. 

PiyehOAM . 

PiychonwPoUo di»opdo». . 

Sbordero of charaoUr, behavior aod IntoulcDnee. 

Cerebral heraorrhafa. 

.. 

MulUpla acteroak. 

Other (dleaaaw of central nttvoM ayatem. 

h^u^^aurone dlaaoM and muiQuUr atrophy. 

DkaaaM of ear and maateid praeeea. 

KbaumaUe faror... 

ArlarloaciarolJe and diaoeae. 

Other diaaiaai of heart. 

Aortle aneuryaiTi, BotuyphilUic. 

Paripbval vaaeular diaaeae. 

Thrombophilia eblitaram. .. 

Arterial and thrombeda . 

Varicoaa veina lower axtrcmltiea. 

HoiDorrhoidf. 

Variecaa veloa ether dtea. 

.. 

Lobar pneumonia. . 

BruichepneuTnonla. 

PHnury atypical pneumonia.,. 

Pneumonia, other and unapecllied. 

fironrhikia. 

bronchiocuda. 

Stomach ulcer. 

Duodena] ulcer. 

Gaatroiejunal ulcer. 

QaaCriUa and dtiode&itla. 

Appandidtk. 

AMoimnal hernia. 

Caatr^ooteritia and coUtls. 
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Caw of Dealh 


Chronw entdriUs »rij uleor&Uvc nhtd. 

PMitoniiii. 

CiftHos* of liver. 

Oiolelilhi4sie. 

CKoloe^tiui. 

Other diMAMe of gdlbliwIdiT luul iMlIftry tracU 

DiMeeM of Mnereei. 

Cbxoiuo nejuKtu. 

Kydronephra^. 


Fanalt 


Curv4Uire of ipioe. 

CenceAlUJ meifonnfttiflni. 

Iatrter«nUl endipiMl injury at birth. 

Other Urtb Injury. 

Poetntul rMpoyua *nd ateleeUeie. 

PoeumonU ef aevbom. 

Ot^ dJMftM peculiar to Ipfaney. 




difference in functional organization. Sex» therefore, is one of the 
most important elements of constlTutloD, and ft begins to exert its 
effect practically from the moment of conception and continues to 
the moment of deatli. 

Deaths from almost all coiises are more frequent In males at all 
ages. This is very clearly brought out in Tables XLV and XLVl. Mo^ 
bidity, the sickness rate, on the other hand, is higher emoug females 
than among males. Males are more likely to succumb to diseases from 
which the female tends to recover, although rates of susceptibility 
vary at different ages, and certain diseases affect fern ides oftener tlian 
males (Table XLVII). It must be emphasized that such sexual differ¬ 
ences in susceptljlliry to disease are markedly influenced by differences 
in occupation, diet, dim ate, social rdle and status. 

Id 1956 the average expectation of life of the female child of white 
parentage in the United Slates was a little over 73.7 years, for the 
male 67.3 years. Since the year 1900 the increase has been 23.7 years 
for the female and 19.11 years for the male. 

In Figures 195 and 198 Ihe life expectancy rates are shosvn for the 
48 States and the District of Columbia of continental United States. 
These figures will repay study, not so much for any problems they 
solve, as for the questions they raise. How do such differences come 
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Figure 195. Tbe life expectancy of white males in the Doited States. (Courtesy, U^. Public Health Service.) 
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Figure 196. The life expeciaocy td white females 1a the United States. (Courtesy, VS Public Health Service.} 
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TABLE XLVI 

SbX Dl?Be&ENC 8 » W ilOBTAUTY IUTM, WiItTBS, UWITBO St»T 16 «, IWSO 
(After Cigeee, I WO) 


fioK DiMOH oj Orptm A'fvUw 

Ofittrred Mort Pre^tmUi/ in 

Cirtulfitory, Uoud 

RC0pimU>ry 

Notvoiu, tfCHse orj^iB 

Alimenlary trACt, 

Kidney and oxcruiery 

Skkh 

8keleuJ, muscuUr 

Eodocrine 

60.2%nuilps 

24.2% iUAk« 

23.5% nudM 

26. Q% nuiloe 

6.S% maU 

1,9% mnloe 

0.6% muM 

13,0% remiJua 


about, Qod why should the differences to life expectancy rates between 
the sexes be so marked in different Stales? No one knows the answers, 
but some fasctottJng research is indicated. It will be observed that 
the Stales with the higliest life expectancy rates for white males ag¬ 
gregate in the west north central area, but the females both extend 
the range and more tlian double the number of States In which their 
bigliest life expectancy rales occur. It would bo of great interest to 
know Ilia nature of the conditions entering Into the production of 
these differences. 

If women are biologically stronger end more resistant to disease 
tlion men, they are also better shock absorbers, as numerous studies 
testify. Hysteria occurs more frequently among men than omong 
women. Under heovy bombardment cases of shock and neurosis ore 
far more frequent in the civilion male than in the female population. 
At all ages suicide rates are much higher among males than females, 
Epilepsy is much more frequent in males, and stuttering hos on tod- 
dwee of eight males to one female. 

To what extent the sexual differences cited are infiuenced by social 
factors and to what extent by genetic factors must remain an open 
question. We know that both types of factors are Invoked. In recent 
years it has become increasingly more evident that social factors play 
a much larger rdle In producing such sexual differences than was pre¬ 
viously supposed. 

SEX-LINKED, SEX-INFLUENCED, AND SEX- 
LIMITED GENETIC EFFECTS 

The development of traits which are assodated in inheritance with 
sex are of three kinds: (I) sex-linked; (2) sex*influenced; and, (3) 
sex-limited. When the assodation is due to a gene lying in the X<hrO' 
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TABLE XLVII 


SbXUAL Dl??K1tBNCBB IN SlISCRPTlBILITT 90 DibBAJUS 


Mtlic* 

Pemal/9 


Pr> 


t*T4‘ 

Oiwia 

poiideroKM 

Dfitenitc* 

pondfrauee 

Avutd pnncnaULia 

Lar^o 



inaioritv 

AeromrnJv 

More often 

ArlUiMit’a disoa«u 

Morocflon 

ArT.lirll.k dcformeTie 

4.4-1 

Ain«ljir dyarnlory 

15-1 

Cnrcinoma ef foniudla 

5-1 

AkohoUtra 

ft-1 

Carcinoma of ^Ibladiler 

10-1 

An^n*p«otArk 

5-1 

GatAract 

Moro often 

AritrioveleroiU 

2.5-1 

Chloreeii (ABemla) 

100% 

BronohilJ wthma 

Mere often 

CberoA 

8-1 

OanMir htional 

2-1 

Cbronfo milral 


CanMr Q. U. tmet 

5-1 

endoearOltie 

9-1 

C«noer httd of DuiareM 

4.5-1 

Combiiuid eclAmela 

Kfore often 

Oaneor ra^nloF)' iract 
CoriMT of Uiki 

B-1 

5-1 

DinhtliartA 

neiltfonne 

alight 

On*hr*l hnmwHtM 

CroaUy 

Ovriiar etrinhfiialmlA 

5 or ^1 

C. B. mdnlAilvk 

Cblldhoed Mhiiopluwilik 
CbrexJe rlomeruukr ncohrltk 


Hemorrhoide 

Hyperthyroidiam 

InHuenia 

ConaUI. 

10-1 

9-1 

9-1 

Cirrhetii of llvor 

8-1 

MifTAine 

Multiple lekroeiA 

5-1 

4*ViMna*Y Irwiuffit^nev 

8CM1 

More oftoji 

CormAry •dorcmk 

25-1 

KlyxedemA 

5-1 

Duodofild lileor 

7-1 

Oheehv 

Condd. 

Erb'a liviUoobv 

More ofum 

OeteomAlarfA 

9-1 

Owlrie uk«r 

5-1 

P^1U#r« 

«i|kt 

QvA 

40-1 

Pu mi re hanmorrharira 

4or5-l 

HMTtdlMBM 

9-1 

RevnaiK^ 

1.5-1 

Homopliilk 

100% 

Ithaumatoid arthhtla 

3-1 

HtffliA 

4-1 

RkeumAtie fever 

Coneld. 

Hod4Wfn'« diwuc 

9-1 

Tnneflltk 


Uvafi^rift 

9-1 

WhnoninrooiiaK 

KonAkoff’* paycbodt 
Leukemia 

MeniAl deficleaeiM 

MueeuUr ds'Arophy, Pa.h. 

8-1 

9-1 

8-1 

Almost ex- 
el udvely 
9-1 

7-1 

Vivrieoeovc:lAA 

Coneld. 

Myoeerdial dafeiMretien 
MyeetMlel Iniemion 



PvalraieiiclUnt 

PeeuacberiiiApliroditiiia 

OrMtly 

lO-l 



SaaticA 

GreaUy 



Scurvy 

OreAt^ 



foriofomydia 

9.8-1 

lO-I 



Thrmtihria&fiitk ftLIilAraiui 

«-I 



RvicardlUe 

9-1 



Pimentarv drrK«AlA 

20-1 



Pleurify 

3-1 



PneumoniA 

3-1 



PAltmriTetatii 

Sliiht 



Prorr. miieeuiar oaralviie 

More often 












522 


INTRODUCTION TO PHVSICAL ANTHROPOLOGY 


TADLB XLVIll 


Sous HuuAM Tiuire RspouTeu a» Dsntto&m Upiw Gbnm 

{Alter Snyder) 

(Many of Uieao traita have allomaHvo form* dependent upon auloeorwl end 

»ome of them art mfluerced by verietlons in enviponment) 


Albinieni of the eyoe 
Alopecia eongeniu 
Anhidrotir eetodermal dyeplesie 
Colobome iridii 

Colop*bliQdnoa of the r«<l*creen lype 

Dnv bllodnoee 

Di^eetive heir folliclea 

D^BCtlve tooth eniunol 

Pifliehieiie (double eyeluhce) 

Rpldert^e) enu 

Gleucome of tho Juvenile lypo 

HemopUlla 

lehthycMii 

Keratotde 


MexeloeorTvea 
Mieroeornee 
MicropbthrJmie 
Mitral itenoeie 
Myopia 

Ni^t bllndncae 
Nomedlem 
Nyetefiniia 
Optic elropby 
Peroneal atrophy 

Paoudohypertrophlo mwoular dyetrophy 
Fotinel dete^hmeol 
Th rnmboaithenU 

While oeripiul look of hair_ 


mosome H U sftid (o be sex-Unked. One of man’s S3 pairs of cKromo- 
somes differs from ihe remaining 22 pairs (aulosomes) in being 
intimately, fhougli not exclusively, associated wltli the determination 
of sex. In the female this pair consists of two equsJ*sl2ed chromosomes 
called the X^chromosomes (allosomes), or sex chromosomes. In t!ie 
male there is also a pair of chromosomes, but only one of these is a 
full chromosome, and this Is an X-chromosome which Is exactly the 
some as the X*chromosomes in the female, The male's second chromo* 
some, however, is appreciably smaller, it is called the Y*chromosome. 
Tho Y-chromosome is one-third the sise of the X-chromosome, and 
carries masculine determining factors. It is customary to speak of the 
X- and Y>chromo$omes as sex chromosomes. 

Sex-Linktd Gene$. It will be recalled that the male always receives 
his X-chromosome from the mother and the Y-chromosome from the 
father (since the mother has no Y-chromosome), whereas the female 
receives one X*chromosome from each parent. 

Sex-linked genes can be represented on only one chromosome, the 
X-chromosome in males. Sex-linked genes can be represented on both 
X-chromosomes In females. From these facts and the fact that almost 
all sex-linked mutant genes are recessive, it is possible to give specific 
advice to families known to be carrying such genes. If the men In 
such a family do not exhibit the trait, and more than 30 such traits have 
been described (see Table XLVlII), then clearly the genes for it are 
not present In his X-chromosome, and he cannot therefore transmit the 
condition to any of his offspring- He may safely have children. An 
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affected father can transmit his affected X'chromosome Co his daugh¬ 
ters, who will all be carriers; since the sons receive only his unaffected 
Y-chromosome nans of tliem will be affected. The sons may safely 
marry. Some of the sisters who carry the gene in heterozygous form 
may have affected sons, and so may some of the apparently normal 
women in the family. A woman cannot be affected unless her father 
was affected and her mother carried the gene, unless, in other words, 
the gene was present on her fathers X<hxomosome and on at least 
one of her mother s X*chromosomes. 

Cenes that can cross over from the X* to die Y-chromosome, and 
vice versa, will be differentially transmitted as to sex. Such genes are 
Icnown as incompletely sex-linked. They may bo present in both sex 
chromosomes of both sexes. They will, therefore, behave similarly to 
autosomal genes in inheritance, with this difference: About half the 
families in which the father carries the gene will contain more affected 
sons and unaffected daughters than would be expected on the basis 
of autosomal inheritance, while the other half will contain more 
affected daughters and unaffected sons than would be expected. 

Eight traits believed to be due to Incompletely sex-linked genes 
have been described. These are, total color blindness (sis opposed to 
red-green blindness), xeroderma pigmentosum (a skin disease), Ogu* 
chi’s disease (a type of blindness), spastic paraplegia (a neuromuscular 
defect), the recessive form of epidermolysis bullosa (malignant skin 
blisters), the dominant form of retinitis pigmentosum, hereditary hem¬ 
orrhagic diathesis (a blood abnormality), and a type of cerebral scle¬ 
rosis (a mental defect). 

Sex^nftuenced Traits. Scx-influonced traits ore conditioned by 
genes carried in the autosemes, and hence are equally inherited and 
transmitted by both sexes. The gene whlcli is domloant in one sex Is 
recessive or intermediate In the other, and vice versa. Several sex- 
influenced traits have been described in man, such as one form of 
white forelock, some cases of absent upper lateral incisor teeth, simple 
Ichthyosis (scaling of skin), and Heberden's nodes (enlargement of 
terminal joints of fingers). Though baldness has customarily been 
attributed to sex-infiuence, it is in fact an example of sex-limitation and 
not of sex-influence. We shall deal with baldness under sex-limited 
traits. 

An example of a sex-limited trait is provided by a form of white 
forelock described by Holmes end Schofield in 1917, which appeared 
in four generations in a family of 32 Individuals in 14 males, but was 
not present in 3 males nor was it present in 15 females. It could be 
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transmitted cither through the males or the females and was dominant 
in males and recessive in females, and hence was sex*jnfiucnced. 

Se*-f»m»sed TraiU. When certain traits are expressed in one sex 
but not in the other they are said to be se* Irmlted. Sex-lunited char¬ 
acters are conditioned by gone? which are carried either on the ante- 
somes or on the sex clwomosomes. There arc, tlxorefore, many different 
types of sex-limited heredity. The expression of sex-limited traits de¬ 
pends largely upon the presence or absence of one or more sex hor¬ 
mones, or to put it more accurately, the amount of such hormones pres¬ 
ent within tlie organism. Complete sex limitation, that is, complete 
development of tl^e trait in one sex and complete absence ^ it in the 
other sex Is not frequent. Examples of complete sex limitation are 
milk production and menstruation in females but not in males. An¬ 
other example of such complete sex limitation is the appearance of 
coarse hairs on the external ear of white men during the process of 
aging, and tl^ absence of such hairs in women. 

Anolhcr example, but not so complete, is tlie presence of a devel¬ 
oped beard end mustache in the male and their absence in the female. 
It Ims been shown that women have exactly the same number of 
hairs on the face as men, but the hairs simply do not develop and 
grow as they do in men. However, under the proper endocrine stimu¬ 
lation with male hormones women ere capable of growing fairly i^e- 
spectable beards and mustachios. 

A familiar example of sex limitation is baldness. That baldness is 
not due to a sex linked gene is clear from the fact that bald fathers, 
depending upon whether they carry two or only one baldness gone, 
transmit their baldness to all or only half their sons, and it will be 
remembered that since sex-linked characters are conditioned by those 
carried in the X<hromosomes, a man cannot transmit X-linked genes 
to his sons, but only to his daughters in whom they remain recessive. 
Furthermore, hereditary baldness In the female is extremely rare. In 
the male baldness in varying degrees occurs in more than 40 per cent 
of those over the ago of M years. Baldness can show up in males when 
neither parent shows any degree of baldness, when one or both 
parents contribute a boldness gene to tbeir sons. A bald father may 
have some sons who become bald and some who never become bold 
or all tlio sons may become bald in varying degrees. Daughters, how¬ 
ever, will experience thinning or partial baldness, but complete heredi¬ 
tary baldness of the masculine type in the female is of excessive rarity, 

*ni6 difference between sex influence and sex limitation is that 
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tl^e same trait when it Is sex-infiuenced (the genes being carried in 
tiie aulosomes) can be equally frequently expressed in both sexes, but 
that in one sex the trait will appear to be transmitted as a dominant, 
while in the otlier it will act as if its expression were due to a recessive. 
Whereas in sex-limited inlieritance {genes carried on both autosomes 
and sex chromosomes) the trait is fully expressed in one sex alone. It 
is not the genes that condition the expression of the trait hut the sex 
of die individual. 

Gout, for example, Is an incompletely cexdimited trait because 
while the gene is dominant and Is carried on the autosomes, it Is 
expressed in about 95 per cent of males and only in 5 per cent of 
females. Gout occun in females not only in a much smaller percentage 
of cases but In a less exacerbating form. The female constitution exer¬ 
cises a strikingly modifying effect not only upon the expression of cer¬ 
tain genes, but even upon the damage that certain infective organisms 
will work upon her as compared with the mule. For example, syphilis 
follows so benign a course in the female as compared with the male 
that it has been sold to manifest itself in the female “almost as if she 
were of another species.” This Is true of many other conditions. 

There is vary good reason to believe that secondary sex characters 
in general, including not only physical traits but differential response of 
the nervous system, depend upon sex limited factors. The degree of 
secondary sexual development in the sexes is obviously differentially 
limited by the hormones of the glands of internal secretion, in other 
words, the factors of kx are in themselves genetically limited, but this 
limitation is to some extent under the control of the hormones, 

It is important (o note that in one family a trait may be due to a 
sex-linked dominant gene, while in another family the same trait 
may be due to an autosomal recessive gene, and in still another family 
to an autosomal dominant geue. Such cases may represent tlie expres¬ 
sion of differences in translocation or position effects. 

Mutant genes and linkage between such genes occur, of course, in 
autosomes, but their study Is considerably more difficult than sex- 
linkage. Several such linkages have, however, been described, and 
it is reasonably certain that in time several others will be. Examples 
of claimed linkages are ear flare and finger length, finger length and 
eye color, ear si 2 e and ability to taste phenylthiocarbomide, hair whorl 
and cross eyes, cross eyes and hair color, eye color and tongue curling, 
hair shade and hair color, ability to taste mercapto-benzo-selenazol 
and car size, ability to taste MBS and longue curling, body-build. 
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eye color, and freckling, and several others. However, die only well 
established linkage of this sort is between sickle-shaped red blood 
corpuscles and the MN blood type. 

Penetrance, Expressivity, and Viability of Genes 

Under the conditions of development genes sliow varying degrees 
of activity. They are influenced by internal and external environmental 
factors, and one non*alIellc gene may act upon another to inhibit Its 
action (epistasis), or rnay itself be Inhibited by a non*allelic gene 
(hypostasis). 

PenetTonce. When a gene regularly produces the same effect as, 
for example, do the blood group genes, it is said to have complete 
penetrance- When the trail is not manifested in some Individuals it 
is said to have reduced pe^ietrance. Dominant genes with low pene¬ 
trance may be mistaken for rccesslvas, When the penetrance of an 
autosomal gene is completely reduced in one sex, the gene is sex 
limited. Penetrance relates, therefore, to the allher-or state of the 
gcne-^ither it is expressed in the form of a definite condition or it 
Is not. The blood groups constimte an example of genes that show 
complete penetrance. Every Individual inheriting a gene for a 
particular blood trait will exhibit that trait. On the other hand, in such 
a disease as diabetes insipidus (the rarer form of diabetes, the common 
form being diabetes mellltus) is probably due to an Incompletely 
domloent gene which manifests Itself in about 10 per cent of those 
carrying It. Penetrance is to be carefully distinguished from expres¬ 
sivity- 

Expressivity. When the manifestations of a trait produced by a 
geno are different from individual to individual, the geno is said to 
have variable expressivity. When the manifestation of the trait is 
constant, the gene is said to have constant expressivity. The domloant 
gene for allergy shows variable expressivity, and may take such 
forms as asthma, eczema, “hay fever.” angioneurotic edema, or urti¬ 
carial rash. 

Viability. Genes carried in the homozygous state which shorten 
the life span of the individual are known as lethal genes. Such genes 
are incompatible with life at various stages during the development 
of the individual. This means that such genes may exert their effect 
at fertilization and at almost any time thereafter. Most of these lethals 
are recessive. In Table XLIX are listed the twenty or so conditions 
which have been reported as due to lethal genes. 
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SOME SOCUL CONSEQUENCES OF THE BIOLOGICAL 
DIFFERENCES BETWEEN THE SEXES 
1q humw lociety the social $tatua of tbe sexes Is greatly mfluenced 
by the physical differences exisUng between them. Tlie most Important 
of these differences is physical strength. By virtue of the possession 
of this one advantage men are able to enforce their will upon the 
opposite sex. The greater physical power of the male is the one factor 
which has weighted the balance of social posver In his favor. In hum an 
as in nondiuman primate societies social sanctions, in the uUlmato 
analysis, rely upon force for their maintenance. The difference between 
human and non-human primate societies in this respect would appear 
to lie in the degree to which force has been converted Into a power 
for the development and maintenance of social relations. It was Plato 
who said that civilization is the victory of persuasion over force. 
Monkey overlords use their power to gratify their immediate desires. 


TABLE XLIX 

CoMeiTic)<s RaroBTsa xs Dun to Lktkai. Obnis 
(After gnydor) 


Acute idkopethle xentlwenatoeii (Ninmenn-Piek'i dlMeae). Onat enlargement ef 
eplWt end Uver with dieeeleredoa of elcin. 

Aineupetie idieey 

B Infejitil# type! Impairment of vlMon leeding io t«UJ bllndneM, degeneration 
luvenlle ^pe/ of nirvoui aystom end i<no<y. 

UacancreUen of Um eerebrel white matter 


Dei^reUen of um eerebrel 
ft] Aeute infantile Vpe 
lb) Subieute juvenile type 
(e) Cenvulelve type 
EpldermolyeU bulleea 

Oargeyliam 


OUoma retinae 
Ichthyoda fetelia 
Infaatile rouecular atrophy 
M ierophthelcnie of the eex-Ii nked type 
Peeudohypertrophle muecular dyt^phy 


A ihin dieeaee in whieh blbtere form en 
the ilighteet prceeure 
Multiple growth dcrangemant, (arcoyW 
like faee 

Tunw ef Ibe retina 
Bcalieg of the 

Waitini of mueeiee with paralyeia 
Abnonwly email ayea 
Muscular enWgement and paralysie 


Minor bmhydactyly 
Pelger'e anomaly 
Sebaceoui cyite 
SpiAA bifida 
TelangMctama 


fnmdemffianr U/haU 

Sbortneee of fiogere 


CyeUc iumori of eebum eecretinf ^anda 
C^enitaJ cleft of vertebral column 
Dilatation of capUlahoa, particularly sari- 
ouanoee bleeding 
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RoU8 PitBSinitKU Soout. CoMSMORNCBS 09 TItB BlOLOQlCAl. 

BbTWBBN THE HKXBH 

{Modiftod aft«r Sehainfeld* Wnmfnaud Mon), 


IHot<vi<al Set Differeueft 


Mon bigKer, more powerful 

Womon boar childrun» nurai 
thorn 

Orentor uxuaculor dovclotw 
nunit in nolo 

Klftla'i Urfor ai<o, highor 
moUbolbn, gronW Activ¬ 
ity 

LoMor ntronph of foinnlo 


Profrionpy ia women 


F^rller piihcrly ii; Kirle 


l^fTeraiKv* in gonlUiUn ond 
body 

Munitrufttioit 


Molu coiunuuA of ctrength 


Rok In KX ivlolioulilpa 


Fnnciiowl Brprttticn 


Grealcrcapnciiy for huovy 
labor 

Movements ImiXKlcil, kopt 
cloeor to hone 

Urge to phvAml exertion, 
greater prUlo in It 

Nued for more food, more 
oxpenditiiro of energy 


InaMlity to eopo with note 

l>hyidouly 

Greater risk in sexuol relo- 
llotwhipSt uncertainty of 
pnremlLv. Bod luhlts may 
afToet cluldreti 

Jt«Ady for maiing vorller 


Garments odluEUid ciiffor- 
onl ly for eomtort, ulJ Illy 

Effects 00 body, mind, con- 
seleuftvea of blood bsuQ, 
other ■ymptons 

Tentloney of men to tre&t 
women gently 

Women con have Into^ 
courso wl thoul dsofro, mon 
cannot 


S«idl CouM^ueneot 


Dominonnj of nukloa K- 
vi^on of labor. Different 
roleiK M^gned each sex; 
in MiiioifMtIon, difforunt 
training givsu to each 

GroQtor intorcEt of male, 
inspo:^, oto. 

Greater clrlvo in work, 
achievoraent 


IWund-about '*focnlnine’' 
devleoi to aehievs ends 

‘‘Double standard^’ of 
eunduct. ttrictor codes for 
bolinvlor of unmarried 
girls and married women 

Girls pormlttod to marry, 
reach "ego of coosenv^ 
sorUer 

Dlffurencet I n dm*, stylos 

Taboos oil women, psy* 
cbolegical and s^af re* 
stnJat 

Codes of ohivalry, eth 
quetto 

Prostitution largely con¬ 
fined to womuii, rape to 
men 


Menopause) n women 


lA^mnlu hiulufically nioro r^ 
flletaiit to diAWSi*, bodily 
uincUi 


Reproductive capacity 
ends much o&rliur than 
mcn‘s 

Kcr life span longer, sur¬ 
plus of women increasing 


Mon's marriage ehonccs 
continue beyond women’s 

Threat to monogamous 
marriage syetemj prob¬ 
lems or widowhood 


huRian overlords to fulfiU both tlieir immediate desires and theii re¬ 
mote wants. It is a difference of degree act of kind. 

The correlaGon, in almost every society of animals, is so complete 
that one may lay it down as a general law that wherever one sex is 
larger or physically stronger than the other, that sex will occupy a posi¬ 
tion of dominance with respect to the smaller or physically less power- 
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ful sex. The relaHonship between strength and sexual or social domi* 
nance in human societies has ofien been neglected or overlooked by 
those wlio are Inclined to attribute the differences in sexual status to 
exclusively cultural factors. In human societies tlio more powerful 
male is able to establish a physical and social supremacy over the 
female, which is the starting point of that social supremacy of the male 
that we find in practically all hiunan societies. From such an initial 
gross mammalian advantage arise the variegated ways In which the 
social status of the sexes is expressed. 

Another important difference is tire difference in reproductive func¬ 
tions. These functions similarly serve to put the female at a physical 
disadvantage in comparison with the male. But while such differences 
serve as a basis for rationalization or a point of departure for the 
recognition of differences in social capacity and status, the ascription 
of the different r6le8 and statuses is almost entirely a matter of cul¬ 
tural detcrminancc. In Table L the most general social and be¬ 
havioral consequences of the biological differences between the sexes 
are briefly listed. 

THF INFLUENCE OF ENVIRONMENTAL FACTORS UPON 
THE STRUCTURE AND FUNCTIONS OF MAN 

In the laboratory it is possible Ic demonsttate the effects of slight 
changes in temperature^ amount of ligl^t, humidity, or wakefulness 
upon the experimental animat, Growth, development, reproductivlty, 
and behavior may all be affec'led. Such experiments are easily re¬ 
peated and the results checked and verified. With human beings such 
experiments arc not easily possible, thougl^ man’s own mobility has 
provided thousand.^ of such unpremeditated experiments. Yet, inter¬ 
estingly enough, when evidence is aociimulaied which proves that 
man is in many ways as susceptible as other animals are to the physical 
effects of changes In environment, the proof Is generally treated with 
the greatest incredulity. Perhaps it is that the insecurity of life in 
general causes men to bold fast to some fancied ideal of stability and 
immortality, at least physically, of their own type. The facts, however, 
indicate that environment is a very potent force in its aetton upon the 
organism. 

Environment is a term for a very large complex of conditions, each 
of these conditions acting with different degrees of intensity upon the 
organism at different times. By environment is here understood any 
condition, or group of conditions, external to tlie organism which may 
in any way affect it. This includes such conditions as variations in 
temperature, humidity, barometric pressure, number and kinds of 
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TABLE U 


iNCItf A$C {^) OB PfOBABI (—) CX ilSiArBRUBm Or OaiLPfCStf Of Jmhiobantk 
BOJO* IN TfCB U2«|TB0 ST4TEO CoUfABSD Wm TbOSS Of iMNTOBANtB 
Boon in Cimon (fBox Boas) 


/{atianjiiitji 

and 

Sex 

LeftfCk 
a/ B9Xd 
wm. 

Width 
td Heed 
SBH. 

Ctfheik 

Width 
rd Face 

mm. 


Bohereiana: 

MrIp 

-0.7 

-2.8 

-1.0 

-2.1 

+2.ft 

Famala 

-0.0 

-i.5 

-0.6 

-1.7 

+2.2 

Hebrews: 

Male 

*(•2.2 

-1.8 

-2.0 

-l.l 

+1.7 

FeiDale 

+1.0 

-2.0 

-2.0 

-1.8 

+1.5 

SieiliaxM: 

Male 

-2.4 

+0.7 

+1.8 

-1,2 

-0,1 

Fetoale 

-8.0 

+0.8 

+1.8 

-2.0 

-0.6 

N’eapeliUMr 

Male 

-0.0 

+0,0 

-H).2 

-2,2 

+0.6 

Fenaale 

-1.7 

+1.0 

+1.4 

-0.6 

-1.8 


particles id the air, solar and cosmic radiation, ibod, water, mineral 
content of the soil, and all that is emb'aced under the terms social and 
economic conditions. 

Since, in human societies, it is the regulative effect of the socio¬ 
economic conditions which play a donioant r61e in modifying the 
action of purely physical factors, it must be re-emphasized here that 
the importance of these regulative conditions must always be borne 
in mind and given proper coosideration in any attempted evaluation 
of the effects of the envir^unent upon the individual. 

Changes in BodUt/ Form of the Detcendanis of Immigrants from 
One Ceognsphic Area to Another. In 1912 Boas conclusively showed 
that American-bora descendants of immigrants differ in type from 
their foreign-bom parents. Table LI shows the kind and degree of 
differences in (be measurements chddien of immigrants bom in the 
United States compared witi) those of immigrants bom in Europe. 
The results set out in this (able prove that ibe form of the head may 
undergo certain changes, with change in environment, without change 
in descent In other w^ds, that the pattern of the genotype may re¬ 
main unaltered but that as a result of the effects by a new 

environment its physiological expression undergoes modiffcation. Fur- 
thennere, Boas showed that the influence cd environment makes itself 
felt with increasing intensity according to the time elapsed between 
the arrival of the mother and the birth of the Aild. This is well brought 
out in Figure 197. 
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The American'bom descendants differ in head form from dieir 
parents. The differences develop in early childlxood, and persist 
throughout life. The liead index of the fordgn-bom is practically 
the same, no matter how old die Individual at the time of irnmi* 
p'adon. This might be expected when tho immigrants are adult or 
nearly mature, but even children who come to the United States 
when one year or a few years old develop the head index character* 
istic of the foreigD-bom. For Jews this index ranges around 83, that 
of the American-bom changes suddenly. The value drops to about 
82 for those boro immediately after the immigration of their parents, 
and reaches 79 in the second generation, Le., among the children of 
American*bom offspring of immigrants. The effects of American en¬ 
vironment mahes itself felt immediately, and increases slowly with 
tlie increase of time elapsed between the Immigration of tlie parent 
and the birth of the chdd. Observations made in 1909 and 1937 yield 
the same results, save that there is an appreciable increase in all 
measuiements in the latter series. 

Boas found similar modifications in the head form of the de* 
scendants of Spanish ancestry living in Puerto Rico. Tlic average head 
index of Spaniards being 77 while that of tlieir Puerto Rican de¬ 
scendants is 82.5. 

In 1918 Cuthe confirmed Boas’s findings with respect to changes 



YEARS 

Figure 197. Head breadth taken as a per ce)it of head length (cephalic 
index) in immigrants and their descendants. (—) Those bom in Europe, 5, 
10, and 15 years before immigration. (+) Those bom in Amertcn 5, 10, 15 
and 20 years after immigration of mother (after Boas.) 
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in the cepb&lic index of tbe Amerioao bom ofepilDg of Jewi 

living in Be^too. 

Returning to Table LI it wiU be observed fron the figures there 
given that there is, in general, a negative eorreladon between stature 
and cephalic index; that increase in stature is accompanied by a de* 
crease in cephalic index. The changes in cq>baljc index, therefore, 
may at least m part be conad&ed as fuactionally associated with 
changes in stature. 

In recent years (1939) findings tnnitar to those of Boas have been 
obtained by Shapiro and Hulse on (he Hawaiian bom children of 
Japanese migrating from Japan to the Hawaiian Islands. This is by 
far the most e:^ustive study of its kind, and covers a great many 
more characters and conditions than Boas was able to investigate. 

Shapiro and Hulse found that (he changes in d>e first generation 
descendants of Japanese in Hawaii was limifrfvl principally to their 
quantitative characters, cbiefiy those of sixe and proportion. Here 
is a list of the characters przndpally affected: 

The Hawaiian bom males show significant increments over the 
immigrants m the following measurements: 


1. Status 

2. Sittinf HagHt 

3. Trunk Keaki 

4. Upper Arm Lenftb 

5. Lower Ann Lenfrti 


6. Total Leg L«Dftb 

7. Lower Leg Length 
d. ShouJda Breadth 

9. Head Breadth 

10. Head Hdght 

11. Inter-Ocular Width 


In other words the Hawaiian bon maW are (all^, broader in 
shoulders, longer in limbs, and have broader and higher beads than 
their Japanese bean parents. But ffiey also show tigDificant decreases 
in the foUowing measurements: 


1. CbeA Width 3. HcadLo^ 

2. Cb<at Depth 4. Total Face Height 

S. Kese Breadth 


The following are (he significant alterations in proportions among 
the Hawaiian bom males: 


1. Lows Relative Hip Width 

2. Lews SbcuJder-Hip 

3. Higher TibityPemert] 

4. Lower ProattyPirietal lodes 

5. Lower Cephalo-Fadal lodes 


9. Lews Mtaal lades 

7. Highs Head Leagth-Heighc 

lads 

8. Lews Naee Lesigth>Hei^t 


lads 

9. Incre as ed CephaBe lads 
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In a more recent investigation o£ the physical charncters of Chinese 
iiTunigrants and American-born Chinese in the eastern United States 
Lasker (1946) found changes in some 25 different characters. 

American bcnn Chinese males show significant increments over the 
immigrants in the following measurements i 

Suture FoM Length 

Sprui Hand Breadth 

Total Arm Length TnUl PooUl Hdgltl 

Upper Arm Length Nitial Helglit 

Lov/er Arm Length Nasal IndoK 

Leg (Tibial) Length 


Slight though significant increments were observed in: 


SleSng'Keighl 
Shoulder Width 
BMliac Width 
Chest Width 


Hand Length 
Hand Breadth 
Face Breadth 
Upper Facial Height 


Significant decreases were observed in the following: 
Chest Depth Kasol Breadth 


Otlicr changes observed were 

Coarser Hair Sclera Less Frequency Plgroanted 

Slightly Hairier More Prominent Nose 

Toms Falarinus More Frequent 


On the basis of Shapiro and Hulse's and Lasker's studies we may 
say then that the typicaJ Oriental youth bom and brought up in 
Hawaii or the United States when compared wida his ancestral stock 
or immigrants from his ancestral homeland, is taller, with longer arms 
and legs, has relatively slenderer bands and feet, and a flatter chest. 
His head is Ukely to be shorter but broader and his nose to be rela¬ 
tively narrower, and he has more body hair. 

In a study of 2,252 Jews of eastern European origin Domfeldt 
(1941) found that the cephalic index was lower for Jews bom in 
Berlin than for those bom abroad, that is to say, that the heads of 
children bom in Berlin lend to increase in length and to decrease 
in breadd). 

Spier (1929) in a study carried out at Seattle, found that Ameri¬ 
can-born children of Japanese parents were taller at all ages than 
Japanese*bom children from the district of southern Japan from 
which most of the Seattle Japanese were believed to have come. Chil¬ 
dren bom s» or more years after the arrival of the mother in the 
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CHRONOLOGICAL AGS 


Figure 19fi, Differecccs in stature between Amencnn-boni and nativ^bom 
Japanese boys. (From CrenLch. Courtesy, Science.) 

United States had a greater average size. Children whose mothers 
migrated to the United States prior to 1909 were scmewhat taller than 
those whose mothers migrated to the United States after 1909. 

Ito (1936) found diat newborn babies cd Japanese parentage in 
the United States were far superior in physi^ growth at birth to 
those bom in Japan, though (he body propc^oos characteristic of 
d^e Japanese infant were fully retained under die new environment. 
In a later study on four groups o£ Japanese women from 18 to 30 
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years of age reared under different environments, Ito (1942) found 
a signiffcant increase in stature in the AmericAO-reared Japanese 
whether bom in the United States or Japan, as compared with those 
reared in Japan, Tlie figures are ns follows: 

Bom ond Bom in U^S., 4/td Bom In J/ipan Bnm and 

tUamd if! Roared in JojMn. and R ea red in Roared in 

Japan Rotnmod to t/.S, l/.S. US- 

149.8 cm 151.9 cm 1S3.9 cm 154.0 cm 

Facts such as tliese constitute strong evidence that the increased 


STANDING HEIGHT 
cm. 



CHRONOLOGICAL AGE 

Figure 199. Differences in stature between Amertcan-bom and native-born 
Japanese girls. (From Creulich. Courtesy, Science -) 
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stature of the American-reared women of Japanese ancestry is prin* 
cipaJly due to the effect of the more favorable American enviioo* 
ment, and is not simply a reflection of selections, as some writers have 
supposed. 

CreuHch (1956) has provided independent evidence that die small 
stature of many Japaikese is not so much geoeticaUy as enviroranentally 
determined. Greulich compared the stature, weight, sittrnf-height, 
and skeletal age of 898 Axnerican-born Japanese children in California 
with the corresponding attribntes of Japanese children of the same 
age in Japan. The Califonua diildren Japanese ancestry were found 
to be significantly more advanced in all the measured attributes. 

Ito also found that the average age at menarche (the first men¬ 
struation ) was about 20 months earlier in the Japanese women reared 
in the United States than for those reared in Japan whether bom in 
the United States tr in Japan. 

In the lateral development of the body the American-reared 
women are slightly superior to dte Japanese-reared, except in chest 
circumference whidi ts reduced, a compensatory response, doubtless 
to the markedly ucreased stature. 

Goldstein (1940) investigated the presumed effects of the Ameri¬ 
can envirockment on Mexican inunigraots in Texas and their American- 
born children. The following significant changes were found in the 
sons as compared with their Mexican-born parents: 


lnc*eut Hu 
Stature 
Hand Length 
Ell ladex 


DecTMMuk- 

Wd^ 

Haod Breadt!)? 
BixygotnatK Bresddi 
Bignial Breadth? 
Nose Hdgbt 
Nose Breadth 
Ear Hd^ 

Ear Breadth 
Neal Indes 


In qualitative traits tbe American-bom sons differed from tbeii 


Mcxican-bom fathers m having: 

More Medium Bod>' Build 
Less Bodr Fat 
Wnvfcr Hair 
Lifter Hair Goto? 

Darker Eye Cokv 

A comparison of the Immigrant 


Lower Nasd Bridge Hdght 
ShaDower Nasal Root 
Thicker Lips 

Ntore ^tovd Shaped Iscison 
Less Dental Caries 

Mezreans with tlte sedentary Mexi- 
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cans in the districts from which they came, revealed the fact that 
the immigrants di£ered from the “sedentes'’ in the direction realized 
by the Anrerican-bom children of the former, A similar finding was 
made by Shapiro and Hulse on Japanese sedentes, immigrants, and 
their Hawailan-bom offspring. 

Lasker (1952) has found that Mexicans migrating to the United 
Stales for one year or more, from the age of fifteen to over 27 years, 
exceed the sedeotes in size in practicnlly every measured dimension. 
Those who went to the United States youngest and stayed longest 
are the tallest of the migrants and are sigoificantly taller than the 
sedentes. The later the age of migration to the United States the more 
closely, in their meosuiements, do the migrants resemble the sedentes. 

The results obtained by these and many other investigators show 
that significant changes occur in various dimensions and proportions 
of the body, as well as in certain qualitative traits, following upon 
birth and development in a habitat not that of tlie parents. 

What can be the cause or causes of these changes? 

From the work of Shapiro and Hulse, Goldstein, and Lasker, it 
appears that, at least in Japanese and Mexicans, a trend to vary is 
already present In the immigrants. Tlic new environment selectively 
stimulates these preadaptive tendencies to greater development in 
the generations bom and bred in it. This interpretation is supported 
by the evidence derived from most studies thus far made on the 
subject- 

immigrants presenting developmental trends of different kinds 
eotering the same environment will have offspring who are affected 
by the environment in different ways, owing to their original pre¬ 
adaptive genetic differences. 

Immigrants presenting developmental trends of the same kind en* 
tering different environments may be affected in different ways owing 
to the differences in the action of the differing environments. 

Once more we perceive the important rdle which the environment 
plays in the dewlopment of variations in human types. It Is not, 
however, the environment alone which produces the changes observed 
in the descendants of immigrants, but tlie interaction betvreen the 
genotype and the environment. The two con never be dissociated. 
As Boas puts it, "If there is any kind of environmental influence, it 
is obvious that we can never speak of a genetic type se, but that 
every genetic type appears under certain environmental or physio¬ 
logical conditions, and that in this sense we are always dealing with 
the physiological form of a certain genetic type." 
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Climau. Mac is a tropical animal capable of living under all 
cliinatic conditions. His nonnal body temperature is 98.6*. Mans 
comfort zone for extesnal tenperatuie is between and 95*. Man 
seems to tolerate heat better than cold In the United States, for ex¬ 
ample, in a typical year the death rate for the month of Febniary is 
14.6 per 1,000, while dte death rate for August is 6.8 per 1,000. 

IV hot weather season is characterized by the lowest mortality 
rate. The death rate is much bwer and the stcfoiess rate is lower in 
the months of July, August, and September, than during the other 
months of the year. No wonder that man everywhere seeVs out the 
sun. 

Climatic factors exert very deOnite effects upon the human or¬ 
ganism. Whole hbraries have been written upcm tbe subject, but a 
great part of this worh suffers from tbe incompleteness of its scien¬ 
tific treatment. On tbe other hand, sudi rigorously scientific studies 
as have been made, is generstl serve m corroborate tbe effects of 
climatic changes upon man as have been experimentally demonstrated 
Co occur in lower animals. For example, Hartman fourtd that in the 
colony of macaque monkeys living at Baltimore, ovulation was in¬ 
hibited during the summer mouths (June, July, and August) and there 
was a greater irregularity of the menstrual cycle, and an increase in 
amenorrhea. Sunfiar findings were made by Engle and Sbelesnyak 
on pubertal girls in New York Qty, (be authors ccmduding that Tlie 
pubertal individual is a p^iysiologically unstable organism, in which 
slight extrasomabc factors may profoundly influeoce somatic responses, 
so that phenomena may appear here which disappear witii maturity.’’ 

The evidence streaky suggests that seasonal changes in climate 
continue to exert tiKir effects upon the functions associated with the 
reproductive system, in bod) sexes, diiougbout tbe effective duration 
of those functions. 

Some fifty years ago Engebnann showed that age at menarcbe 
(the first menstruation) in the descendants of European immigrants 
tended to approach tbe age at meoar^ie of the aboriginal American 
Indians, and that tbe longer tbe American ancestry of the female tbe 
earlier was the age at menarcbe. Thus the mean age at menarche was 
about 15 years in Europe but in America it was 14.2 years, while for 
tbe American Indians it was about 13 years. ’nUrty years later Mills 
found that tbe average age at menarche of white females in the 
United States had apparendy drc^iped to 13.55 years. 

Such facts are not to be construed as meaning that climatic con¬ 
ditions eclipse in importaoce the genetic and cultural factors. They 
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do «ot. Climate represents but one complex of variables in n much 
larger universe o£ variables all of which act upon the potentials of 
the organism to the extent to which the environing conditions make 
possible. 

Although the influence of climatic factors upon the maturation 
of sexual functions has frequently been vigorously denied, the in* 
dubitable and unequivocal proof of that influence is to be seen in 
the fact that the breeding seasons of all onimals characterized by 
such circumscribed periods of reproductivity are markedly affected 
by climatic influences. In the macaque monkeys there is a relative 
sterility period during the summer months, whether those months 
of summer fall in June, July, oi August as in the Northern Hemisphere, 
or in November, December and January as in the Southern Hemi¬ 
sphere. Furthemore, the sexual functions and breeding seasons of 
animals can be altered by experimentally varying the climatic con¬ 
ditions to which they are exposed. In man there is some reason to 
believe that climatic factors exert their effect upon almost every aspect 
of his reproductive functions. Monge (1948) and otliers have found 
that removal from low to high altitudes (3,000 to 6,000 meters) in 
the Andes will not only produce sterility and impotence in man (as 
well as in animals) but in some cases actual atrophy of the gonads. 
In most cases these changes endure until the organism becomes 
adjusted to the new environment. 

Thd migratory behavior and sexual periodicity of birds, as Rowan 
was the first to show, and the sexual periodicity of small mammals, 
as Bissonnette and others have since shown, are closely associated 
with die intensity and duration of the bght to which they are ex¬ 
posed. Changes in the pituitary gland, in die sexual glands, and in 
hormone levels have been experimentally demonstrated as following 
upon variable periods of exposure to light. Rowan has shown in 
the case of birds that inaeased activity as a result of the prolonged 
exposure to light rather than the light itself is a determining factor. 

Temperature has been experimentally shown to be associated with 
sexual behavior in rats, high temperature, as well as low, being as¬ 
sociated with reduced sexual activity, Evidence has been adduced to 
show that temperature similarly affects man. Here, too, as in the case 
of Ught the effect is mainly indirect, the greater lassitude and reduced 
energy bemg the cause of low sexual activity rather than the direct 
action of temperature itself. 

The direct action of li^t upon the human organism is known 
prindpally from its effect upon body pigments and the skin- The 
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Figure 200. The seesom] ioddoxx <3^ some diseeMS. (From Perk end Mar- 
morstoo. Courtesy, WiBiems & Wilkms.) 

effects upon more general physiofogicd activities are known but not 
yet understood, even though the heoefiotal and disease effects of light 
are fairly well Imown (Blum). 

CeneroZ CUtnoHc Effectt Upon the IndividuaL Growth and de- 
velofcnent, energy kveh. metabolism and its patix)k>gicaJ states, in¬ 
fectious diseases, body resistance, sclerosis and failure in the circula¬ 
tory system, dental caries, weight, hei^t, and intelligence, every 
phase, indeed, of the life of the iodividual i$ inSuenced by clirnadc 
factors. Almost everyone is aware of the fa^ that certain diseases 
are more prevalent m winter than in summer, while others are more 
common in summer than in winter; the aanmon cold is an example 
of the first bad, and bay-fever of the second. The reader wiH recall 
many other examples of the relationship between disease, the weather, 
and the seasons (see Figure 300). 
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Evidence is now available whicli indicates that the course of prao 
dcaJly every disease is influenced not only by seasonal changes but 
by changes in the weather from hour to hour, while quite a number 
of disorders, such as sinusitis, and some joint and respiratory dis* 
orders, are actually activated by changes in humidity and barometric 
pressure. But we are not here concerned with the effects of climate 
upon disease, but rather with climatic effects upon the normal structure 
and functions of man. 

In a study of the height and weight measurements of more than 
21,000 men of the New Zealand army draft for World War 11 FitC 
(1955) found that the tallest and the heaviest men were born in 
summer and the shortest and lightest were bom in winter. The average 
difference was about one-third of an inch in height and about one- 
third of a pound in weight. 

It has been shown that the growth of the human body proceeds 
at different rates during the different seasons. Thus, marimal increase 
in height generally occurs in the spring, while maximal increase in 
weight occurs during the autumn. Interestingly enough there appears 
to be a tendency for mental functions to be In their maximal phase 
when weight increase is dominant, and in their minimal phase when 
height increase is dominant. 

Studies by many different investigators on white populations 
throughout world have led to the following conclusions (Fitt, 
1941): 

Mental abilities are at their highest in midwinter and at their 
lowest during the transition period from winter to spring or in early 
spring. 

Muscular ability is highest in midsummer, and lowest in mid- 
spring and late autumn. 

Gross mortality rates are higher in the spring-stunmer half of the 
year than in the autumn-winter half. 

Suicide and abortion rates are highest in summer and lowest in 
winter. 

Conception rates are lowest in summer, and the greatest number 
of menstrual irregularities occur in the same season. 

There easts a rather considerable amount of evidence which sug¬ 
gests that individuals bom during die autumn-winter period tend, in 
many ways, to be more favored than those bom during the spring- 
summer period. During this period the vitality of the new-bom is 
higher, and such individuals grow to be taller, heavier, and stronger. 




Figure 201. Seven cretins from the UmaCs^ Almshouse, Appenz^e Canton, 
Svotzerland. The uD man is oonoal, 6e baght of the woman imraediately in 
front of him is just 39 indtes. (Cooitesy, Dr. J. F. McClendon.) 

and some investigators daim, also more intelligeDt, on the ^lole, than 
those bom during the spring-summer period. Evidence of diis Mnd 
suggests that seasonal factors exert a conditioning effect upon genetic 
devdocment. That this ts so in (he case of die lower animals has been 
repeatedly demonstrated by experimental means, and by the detailed 
analysis of observations. 

In these matters we may, however, be dealing not so much with 
the direct as with the indirect effects of climate, such, for example, 
as the changes in number. dcstributiM, and vimleace of disease- 
producing micro-orgamsms whidi may act more severely at one sea¬ 
son dian at another. 

Under tbe general rubric of chmatic conditions may be classed 
the foods consumed by man, since d»e qualities of food are deter* 
mined, for the most part, by climatic conditions. 

The foods consumed by man vary considerably m different parts 
of the world, and since there can be no question as to tiie impor* 
tance of their effects upon tbe growing individual and tbe group, 
the nutritional factors must always be borne in mind in any attempt 
at the evaluation of differences and hbenesres between individuals 
and groups. 'Hiere is definite evidence available that tiie shape of 
the head, for example, is affected by nutritional factors. Experimen* 
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taJIy this has been demtmstrated on dogs fed on a somewliat iodine* 
deficient diet. The mention of iodine recalls the fact that in areas 
of the world in which the sods and foods are deficient in iodine ver>' 
strikmg airesb in development may occur. In certain parts of Switzer¬ 
land, in the Tyrol, and in the Pacific Northwest, there were, until very 
recently, large numbers of individuals whoso thyroid glands func¬ 
tioned at a very bw level because the low iodine content of the soil 
upon which they lived was reflected in the still lower iodine content 
of the water and the foods they consumed. Hence, the absence ot 
the normal iodine intake necessary for the proper functioning of the 
thyroid gland resulted in such iodine-defidency diseases as crebnism, 
arrested physical and mental growth, simple goiter, Graves’ disease 
(exophthalmic goiter) and serious disturbances of metabolism (see 
Figure 201). The domesticated animals living in these regions were 
similarly afiected. People who live sufficiently near the sea-coast for 
the evaporated sea salts to be borne inland by the winds, never 
suffer from deficiencies of this sort. As might have been expected 
exophthalmic goiter is more frequent in iodine deficient areas tlian 
elsewhere. 

AVIRAOE LCKGTH OF LIFE 



Figure 202, Average length of life from Andeot to Modem Times, (Cour¬ 
tesy, Metropolitan Life Insurance Company, New Yorh.) 



The relation of food to sane of the differences exhibited by die 
various ethnic groups of mankind ts still an almost completely unex' 
plored field It is one which would richly r^y investigation. It is, 
in reality, a part of the study of human ecology, that is, die study 
of man in relation to his total eDvironment 

EnviroTtmenUU Effects as Detarmins4 5ooso>£conom>c Foc^. 
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Socio-economic factors are not generally regarded as physical en¬ 
vironmental factors, and this is, of course, quite a proper view to 
take, but since these factors, for the most part, determine the kind of 
physical environment to which the individual shall be exposed, it is 
obvious that they play an important regulative i61e in the psycho¬ 
physical history of the individual. This important fact is too often 
overlooked. The history of public health provides a very clear illus¬ 
tration of the induence of socio-economic factors upon the incidence 
of disease and mortality rates. Improved social and economic condi¬ 
tions have significantly served to decrease tliese rates. From an aver¬ 
age expectation of life of 33.5 years in antiquity, to 35,5 years at the 
beginning of the 19th century, we had advanced to only 40 years by 
the middle of the same centuryi and then, as Dublin says, "Shortly be¬ 
fore the turn of the century came what may be called the era of dis¬ 
covery of the basic facts with regard to the control of environment, 
causation of disease, and the series of practical administrative measures 
which have since been crystallized in the modem public health move- 
meot. As this program developed, the expectation of life at birth 
responded rapidly and definitely so that each new set of tables showed 

PERCENT DISTRI8UTION OF TOTAL POPULATION 8Y AOE 
Unit 8 & St ATS a, 1850 1950* 



Figure 204. 
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A corresponding increase in the expccUtion ^ 
oectfttiOD in the United States had jumped to about 50 by^. 
to “rs and by 1930 to a Jittle o>« eo years ' By 1959 ^e erpe^ - 
tion oEMfe w« a Bttle ov« 73.4 years for female, and somewhat 

over 67^ for the mak. . , »c 

Can it ever be too strongly emphasized that to doubling <rf the 

average erpectation of life was achieved solely by the 
of environmental conditions? It is not necessary m toW to 
Cite the now well known facts regarding to very considerable reduc¬ 
tion in infant mortality as weD as io other mortality rates, during the 
last fifty years. The data for expectation of Kfe at birth by sex is given 

in Table UI. , i e .u ► 

The relation be^veen ec<H)omic status, as judged, and tor the most 
part determined, by annual uMome. and disabiUty from dis^e, con¬ 
stitutes a very convincing demonstration of to influence of to eco¬ 
nomic factor upai the conditions determining the physical vrtU-bemg 
of the individual. The figures taken from to National Health Surv^. 
193506, shown in Table UU make this abundantly dw- As wih be 
seen from this Table members of families on relief suffer more than 
two-and-one-half times to volume of diabiUty from all peases com¬ 
bined than do families with incomes of $5,000 and over. Tbe ratio fw 
specific diseases ranges from ahnosl nine limes for tubcrcul«is to 1.^ 
times for infectious diseases. The facts bcou^t out in this tabk shwid 
at to late date be known and understood by everyone. Similar tables 
could be provided for almost every country in the world. It is here 
necessary to point out that to reUtioa between sodo-economic amdi- 
lions and disease is not simply ooe-way. for disease tends to redi^ 
the wage-earner to a low income group. However, the fact remain 
diat to iftddence of disease is to a very large extent a function of 


sodo-ecoaomic factors, 

The relation between occupation and physknl disability of various 
sorts is, of course, well known and need not be dealt wrfo here. 

The effects of dietary habits, and such practices as drinking and 
smoking, which are all sodafly cwiditioDed, are more or less well 
known. As Pearl and otors have shown, heavy drirdong and even 
moderate smoking are associated with redu c ed longevity. 

Crowik. Among to most striking effects of sodo-eamomic factors 

upon the organism are tose whkh ej^wss themselves in to grow* 
of the individual. Differences in environment ddennined by these 
factors are operative from to moment of ctac^tion. if not before. 
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TABLE UII 

1885^ AccOJUMKfl to firedfiED Diagwos Cui«iPic*itwreT__ 


Ineoan 9t*w8 or PAjfaT 


l>iagnmu 


Z":-asR 2fi0 iW 

TubrrculoM ^XX m 100 

Ortbopodic Iaip<ur«cn« S SI 188 !“> 

12 ISO lU 100 

Dir*Uv« D»eMB« w S 186 100 

Nrryou* « ?« !« 100 

D«^e«r»ltre Dhm »8 

Ac^W ^ S; iS ll 100 

R(*pirttory DjaeMBT j® 100 

lnfr«KniiDiK» JJ’ ,S j2i 100 

i? i» 127 ■» 

Jrx»J5.‘sn. ■Shs- *—0.--—. 

im, p- 1. 


The test discussion (d the sub)ect is to be found in Sandeis' book, 
Eniyironmeni and Grcwth. 

Growth may be defined as increase in si 2 e, while by development 
is to be undentood increase in complesity. 

A detailed and rigorously critical stody <rf the evidence shows that, 
rega^s of area, chfldreo reared io a superiw socio-ecoDOmic en¬ 
vironment are, on the average, heavier and taller than thdr age-mates 
who have exposed to a less favorable environment A gene^ 
improvement in the envirocment of the child, wbediM intioduced by 
increased income ta by placcm«it m an institution where his status 
is improved, or by more competent care, tends always to accelerate 
growth. Conversely, an inoease in untoward conditions, disease, pov¬ 
erty or a general deterioratiMi of tbc envirMunent, is followed by a 
decline in the rate of growth. 

From such findings it should be evident that no studies of human 
growth which fail to pay carefol attentioa to die socto-eeonomfc factors 
can be regarded as satisfactory, for die evidoice strong suggests 
diat there axe few, tf any. aspecte of the growth process which are not 
affected by these factors. 

These fads were well brought out in one of die earliest studies 
made on the relation between sodo^cononic Actors and growth. This 
study, carried out in Glasgow, Scotland* during the years 1905-1906. 
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was devoted to an investigation of the heights and weights of 70,000 
school children between Sve and 18 years of age. The results ob¬ 
tained were then correlated with the types of school which the children 
atteoded, this yielded four socio-economic district school groups from 
A to D, where “A" were from the poorest districts of the city and “D’ 
from the most prosperous. The results of this study are shown in 
Table LIV. 

From Table LIV it will be seen that at practically every age, and 
for both sexes, a very appreciable and regular difference was shown 
between the cMdren of the four graded socio-economic districts, in 
both height and weight, and this always in favor of the higher socio¬ 
economic groups. Thus, at age nine the average height of boys in 
district A was 48.8 inches, in B 49.5 inches, in C 49.9 inches, and in 
D 50.9 inches. At every age we observe a steady increase from group 
A to group D. Boys from district D at age five are between 1.7 inches 
and at age thirteen 2.5 inches taller than those of district B. 

Later studies carried out in many different parts of the world have 
fully confirmed the capital importance of the environmeut and its 

TABLE LIV 

HsiGirr Ouchbb) akd Weioirr (wtom) in TOjOOO Oui&oow (Scctland) Schooi. 

^(LpaeN, 1906-Id06, by Ascending Ordbb (raOM A to Dj or 
SkNCioEcONCKtc Status or Schooi/ 


Afit: 

6 

e 

7 

S 

6 

10 

n 

78 

IS 

Boj/t 




iJncM} 
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46.1 

47 ft 

48 R 

60.6 

52.3 

53.8 

56.2 

Group B. 

Group C. 

Group D. 

.42.1 

44 0 

46.9 

47 7 

4H 6 

61.1 

62.8 

64.3 

66.5 

.42.1 

44 iV 

46,2 

48.1 

49 9 

61.6 

63.6 

56.0 

,67.2 

.43.0 

44.3 

46.9 

49.0 

60.9 

52.6 

64.2 

66.9 

57.7 

GirU 










Group A. 
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44.fi 

46.6 
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60.8 

52.4 

64.4 
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48.7 
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47.4 
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4S.7 
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49.4 
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,•>7.0 
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46.4 

48.6 

60,4 
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64.1 

66.5 
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Bov* 




Wfivhi Cpound*) 





.40.9 

44.2 
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fifi.7 
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66.4 

71.7 

76.6 
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.42.6 

46. « 

60.1 

M 4 

69.5 

62.9 
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Group D . 

,...43.3 
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61 2 
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Group A . 
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GmitnD. 
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.41 B 

46.6 
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64.3 
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E. U. EUhr*®®! A»d Wfrfht o( Sohoei CWldm if OIaacow. Su>«*ih*. 1(K2/8J 

S8S-d40, 1014. 
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TABlJi I.V 
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t'*uW 

Siak* 


Ppaprrouf Diitrirt. ^-5 

Average Dwtrtrt , . If 3 

^ot iwwt 3®-^ 


Adatm. rc^ tad -A >» < S,r^ ^ 

CbMna imr IM2. f *v ^ 

effect upon the processes of gicAvth. One of Ae most 
stages, by Craven and JoU (1946), evaluates 
1 Oer physically substandard adolescent boys studied at Ae 
Train^g^attato m Pretoria. SouA Aftica. It was found Aat wito 
ie firsf nine months these boys spent at the training sta^ h^ 
grew ta bulk, on the average, at a rate five times as great as thj 
would have grown in their unsatisfactory home 

Honal factors^^ seem to be those most agmficantly mvolved In 

Table LV are set out Ae figures for five different English speaW 
countries wiA somewhat different food and other economic habit 
showing the percentages of diildren, betwem. the ages five and 15 

yeais, by socio-ecoQomic status who «e under average bei^. 

These figures teU a remarkable, and almost diamabc, s Jh^ 
show how die least number of children under avwage height and the 
greatest number of children under average height occor m the land 
in which the greatest ertrcmes of sock><o»otnic welfare are to be 
found, in the United States. Here we find that die percentage of 
children from the prosperous districts who are under av^ge bei^t 

is only 7.5 while in the poor districts that percentage IS as lu^ as 30.4 

ner cent Only Endand, with its (then) notoriously bad nutnbon, 

Smes anywhere near the figure widi per «qL On the average. 

however, there are less under height diildren in the United 
in the other four Eoglish-speakhig countries. Indeed. English chil^ 
from prosperous districts do not do as weU as American children from 
average districts. On the whole there figures would point to the 
nutritional factor as being the one inost directly involved here. 

Studies carried oat by Boas on institudonaliaed children have very 
impressively demonstrated the effect of nutrition upon stature. With 
an ill balanced diet the children were retarded in stature, when the 
diet was imF«ved there were not only fewer under height children, 
but all those who had been retarded finally attained normal height. 

Id a study already dted Goldstein has shown diat the des ce ndants 
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of Mexican immigrants in Texas are taller iind better developed than 
Mexicans of the same generation Jiving in Mexico. He found also that 
the adult children of Mexican parents in Mexico proper, as well as 
those bom of Mexican parents in the United States were taller and 
better developed than tl^eir parents, the American boin, however, 
being always superior in these respects to the Mexican bom. Goldstein 
attributes these clianges to improvement in living conditions, that is. 
better and more food, better housing, health, and sanitation. 

From such findings it should be evident that the general environ¬ 
mental factors can scarcely ever be adequately separated from the 
factors which are broadly classified under heredity. Methodologically, 
there will always be good reason for attempting to separate out these 
factors, but while this is so there is also a sound case for bearing in 
mind the fact that there is such a thing as social lieredity as well as 
biological heredity, and that strictly speaking the two can never be 
completely separated. The general framework of the individual is due 
to its genotype which is biologically inherited, but the detailed devel¬ 
opment of this framework is always more or less considerably in¬ 
fluenced by the environment which the individual has socially inherited. 
Hence, strictly speaking heredity must be regarded as the blending 
of two inheritances, the one biological, and tlxe other social. A great 
deal of much needed attention bas been paid to the former, but far 
too little to the latter type of inheritance and its effects. It has been 
the principal purpose of the present chapter to draw attention to the 
mudi neglected important physical effects of the latter. 
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A PRACTICAL SYNOPSIS OF METHODS OF 
MEASUREMENT IN PHYSICAL 
ANTHROPOLOGY 

THC MfiAgUREifENT OF MaN 

The poixowxNC account is intended to give the reader a working 
knowledge of some of the methods of measurement most commonly 
used in physical anthropology. For a more complete account the 
reader should refer to the works listed at the conclusion of this 
appendix. 

In view of the fact that no two persons are ever alike in all their 
measurable characters, that the latter tend to undergo change in 
varying degrees from birth to death, in health and in disease, and since 
perscQS living under different conditiODS, and members of different 
ethnic groups and the offspring of unions between them, frequently 
present interesting differences in bodily fonn and proportions, it is 
desirable to have some means of giving quantitative expression to the 
variations which such traits exhibit Anthropometry constitutes that 
means. It is the technique of expressing quantitatively tlxc fom of 
Ae body. Anthropometry means the measurement of man, whether 
living or dead, and consists primarily in the measurement of the dimen¬ 
sions of the body. 

While the methods of measurement used in physical anthropology 
are numerous, there are only two which arc uniquely its contribution 
and which are peculiar to it, these are anthropometry and anlhropo* 
scopy. Other methods have been borrowed from anatomy, medicine, 
physiology, bioohemisQy, genetics, and statistics. In fact, physical 
anthropobgy makes use of every method which is capable of throwing 
light upon the significant likenesses and differences existing between 
individuals and groups of men. 

Anthroposcopy is the visual observation and description of physical 
traits which do not easily lend themselves to exact measurement. For 
example, fonn and character and distribution of the hair, skin color, 
eye color, eye folds, form of lip, of nose, and the like. 
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PhnslomctTy. the meesuxemeDt of the 
body. SoYUtutee an important adjonct of ^ 

of which are mostly bonwed from i*ysio^ 

Anthropometry is conveniently subdivided as toOows- 

ihe Bviaf wd imbe «4 from mV m®*- 

OsMomari.- The mMsurMneat of lb. rfc^ 

Croniomenv: l«>hard in osMoqwtcy, the a»«iwoei.l d the rkoU. 

The techniques of anthroporaeto- am best acquired fmm an e^ 
perienced worker in the field or Uboratory. The atta^ent of a^^ 
I anthropometry requires a good deal of practice. A fjmdmnental rule 
to bear is that when a problem 

anthropometry is presented, all *ose parts of the body, and ^ 

shmddtT iwasured which are capable of throng s«ne light u^ 
that problem. If tbe form and dimensk.^ rf ^ 

subjert of principal interest, it is very unlike^that ^ 
forearm wiU cast any additional upon the problem. The dimen¬ 
sions of the head would seem more likely to be of 
event constitute relevant mfonnation for an understanding of the 
jaw in its aoaiomico-physiologica] relatwaships, hence ft we« advxs- 
able to make relationally ftgnificanl measurements of the h«d- 

On the other hand if one is interested in relative growth, rates Of 
growth may be discovered to exist for lower jaw ^ for UPP«'^ 
tower extremities which are sfamlar. m indeed, has been found to 
be the case.' In studies of growth few measurements can be urele- 


Before a measurement is projected it is useful to ask what purpose 
it is designed to serve. Evwy measurement constitutes as answer to 
a question, and as Cardinal Newman once remarked, any fool can ask 
meaningless questions. It is weD to remember that the answer ob¬ 
tained to a question is largely determined by Ae structure of the 
question asked. Some questions are more meaningful than others. A 
measurement is a reply to the question: What is the extent, quantity 
or siie of this dimension? The answer obtained does not necessarily 
express any fact other than that it has been determined according to 
the criteria or standards used. The purposes for which measurements 
are made may differ consideTably. If, for example, the investigator is 
~ » Shf rhf fd, R. H., ShoO. sai VbOSD, A.: Tbe size relatiowl^ sahdMng be¬ 
tween body lenatb. limbe vid i8« o» men. /. Anat., 83,296-302,1949. 
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iaierested in total height, his method o£ measurement will be very 
different from that followed by the investigator who is interested in 
discovering the rate of growth of the different components that enter 
into the conditioning of total height. The inquirer who is interested 
in objectifying genetic variation will attempt measurements that are 
xefin^ enough to reflect the genetic conditions. These, of course, he 
wiE at best only approximate The investigator interested in the 
growth of the head will make measurements diat recognize the 
genetic and functional individuality of the many elements that go to 
make up the head, and he will therefore attempt to devise measure¬ 
ments that will individually serve to follow the changes in these ele¬ 
ments as they grow and develop in relation to one another and to 
the head as a whole. 

New methods based on sound principles may always be devised 
by an investigator to meet the demands of his particular problem. 
Measurements based on genuine functional biological relations are 
those most to be encouraged. The development of such biologically 
based measurements is to be preferred to the slavish repetition of 
those embalmed in anthropometric manuals, not excluding the pres¬ 
ent one. 


Esssntul Historical Data 


The history of the person measured should always be taken, since 
that history is to some extent part and parcel of the body being 
measured. Anthropometric findings should, so far as possible, always 
be evaluated in the light of the historical data. The following consti¬ 
tute the minimum historical data to be gathered: 


Name 

Sex 

Age, to the oeeitst birthday 

Birthplace 

Ethnic group 

Birth p/dsr, 1st, 2nd, etc. 

Brothers 

Sisters 

Mother’s ethnic group 
Father’s ethnic group 


Religlen 
OccupAUon 
Social Status 
Economic status 
Physical enviromneDt 
First menstruation 
First conception 
Marital status 
Children 
Ubesses 


iNSTBrjMENrt nr Somatomotby 

The following instruments are those most commonly used in 
somatometric as well as in osteometric studies. 




Figure 205- Sliding compass (below) end spretding calipers (above). 
(Photo Dr. Morris Slegg^ and ibe Svran Tool and Machine Ccanpany, 
HartfcKd, Co n necticut) 
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Figure 206. Case of basic anthropciuetnc iDstrumenls. Anthropometer, 
\ sliding compass, and spreading caLpers. (Courtesy o( the manufacturers, 

I GilLland Instrument Co.. Oakland, Califomja.) 
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Weight Beem Seale.’ To dettnnioe wdght. prefo.Wy in pa™*- 

Comoro. Photography of subjects. 

Meosoring Tape- Graduated in miUimetas, of good flexible steel. 

For measuring height various trausver^ 

dia^«rT*e body, this eouveuien. 

of four hollow tubes whid. 6 t into one another to ^ a 

about two meters in length. Each tube is g^^ m 

one side reading from above and the odKr from below^o ra two 

thousand miflin^as- TOs instrument may be us^ for takm^g st^ 

sitting-height, and various other heights, as a cahpa in taking trans- 

verse diamelas, and as a pelviroeler. 

Spreading Caiiper/ For measuring such diaineters of the head as 
the length »d breadth of head, bCzygomatic diameter, etc. 

Slk^ Compose. For measuring shorter djameters such as those 

oS the nose, ears, hand, etc-“ . ^ a t 

Head Spanner. For determining dw height oi die head. 

SOMATOKSTVT 

Meojuremenl of the Dimensions of the Body 
11 is desirable to make most measurements with the subject in the 
sbinding position. To this rule measurements of die head and face, 
sitting-height, and a few others constitute the only ex^tions. 

Whenever possible all measurcmeDts should be made during the 
morning rather than the afternoon or evening, for the reason that 
individuals generally decrease in height from moroing towards ev»- 
ing, and further because they tend to be more relaited during the 

the body as a vdiole is being measured it is preferable that 
the subject be complete unclothed. When this is not possible the 
>No 068^, C. H- Stodtina * ComptBy. UKoais, up lo S40 poo^, the 

beam ti graduated ja both p«iods «d This b^a«e scak U 

therefore lends Itself use m 6«Jd work. A mnaikably Ughi male ^ wegta 
two pounds) is that developed by the Ule Dr. tJJ 

capable of wdghing a inaaof 325 poands. It is obtainable from the ^au Tool 
aad Maoufacwring MacWoe Coapany. 30 Banboiocoew Aveoue, Hartford, Coo- 
oecdcut 

A«. * May be ipe*pa»vdy potrfiased from the Swtn TocJ and Maimfactuimg 
Machine Oxafsoy. 30 Bartbobmew Aveime, Hutted, Connectieut 

•This and all other antlvopological awtruinaits laay be «d«ed from Siber 
Hegner A Co., Ltd.. Talstnsse U, Zorich, Switzmland. New York offl«: 183. 
Madison Av«we. New Ycfk 16. New Ycek, Deiivoyj foot to tix weeks. U.S, 
duty- 45p*re«rtl Ate CdKlaod Iwtnuneirt Co^ Oddan^ 
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invesHgator wiJl have to make the best of the situation encountered. 
All measuremeDts on the living should be made with a minimum of 
piessure by the instruments. 

Londmarks {see Figures 207 and 208). In order that all measuie- 
ments shall be comparable it is customary to take them from certain 
definite points, these are designated as landmarks. These landmarks 
will not be listed separately here but will be defined in connection 
with the measuremeots to be taken. 

Measurements With Subject in Standing Position 

Position of Subject. All measurements, unless otherwise indicated, 
should be made svith the subject standing in the military position at 
attention, head erect, looking straight ahead, so that ks visual axis is 
parallel to the surface of the floor. The latter is the best free approxi¬ 
mation to the Frankfurt Plane (p. 567), _ , 

1. Standing Height or Stature (Anthropometer). The distanoe 
from the highest point of Ae top of the head in the mid-sagittal plane 
to the floor. 

. 2. Suprasternal Height (Anlhropometer). From the middle or 

the anterior-superior border of the manubriiun sterni to the floor. 

3. Bighf AcromiaU Heigh# (Andiropometcr), From the most 
lateral projection of the lateral border of the acromion of the scapula 
to die floor. 

4. Right RadiaU Height (Anthropometer). From the highest 
point of the head of the radius (usuaUy at the dimple of the elbow) 

to the floor. , 

5. Right Stylion Height (Anthropometer). From the distoJateral 
end of the styloid process of the radius to the floor. 

The upper and lou^ arm dimensiotv may be obtained by the 
subtraction of measurements 4 from 3 and 5 from 4, but are more 
accurately measured directly. 

6. Vpper Arm Length (Anthropometer). From acromiale to ra- 
dialc when the arm is hanging down and the palm facing inward. 

7. Locoer Arm Length (Anthropometer). From radiale to styhon 
when the arm is hanging down and the palm facing Inward. 

8- Total Arm Length (Anthropometer). From acromiale to stylion 
when the arm is hanging down and the palm facing inward or by add¬ 
ing measurements 6 and 7. 

9. Total Upper Extremity Length (Anthropometer). From acro¬ 
miale to dactylioa, i.e. the tip of the middle finger. 

10. Right Doctyhn Height (Anthropometer). From tlie middle 
of the tip of the middle finger when the fingers are removed from 
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contact With the thigh and axe pointing perpendicularly downwards 
to the floor. 

11. Righ^ lUocristale Height (Aathropometer). From the most 
laterally projecting point on the crest ot the right ilium to the floor. 

12. Right Ilicspinale if eight (Anthropometer). From the right 
anterior^superior iliac spine to the floor, 

13. Right Trochcnterion Height (Anthropometer). From the su¬ 
perior surface of the greater trochanter of the femur to the floor. 

14. Right TihiaU Height (Anthropometer). From the superior 
surface of the medial condyle of the tibia to the floor. 

15. Right Sphyrion Height (Anthropometer). From the inferior 
surface of the medial malleolus to the floor. 

Transverse and AnteroPosterior Dimensions 

16. Span (Anthropometer). The distance between the tips of the 
middle fingers of each hand when the arms are outstretched side¬ 
wards horizontaUy from the body. Measured from behind. 

17. Bi-AcTcmial Breadth (Aatliropometer used as sliding com¬ 
pass). The distance between the most lateral margios of the acromion 
processes of the scapula, the subject standing as he does normally. 

18. Chest Breadth or Transverse Diameter of the Thorax (An- 
thiopometer used as sliding compass. The transverse distance between 
die most lateral points on the chest. The mean of the measurements 
made at expiratioD and insplratioD while the subject is breathing 
normally. 

19. Chest Depth or Antcro-Posterior Diameter of the Thorax 


Figure 207. Landmarks of the body (after Martin). 

Figure 207A. Landmarks on the frontal view, 1, vertex; 2, tiicbion; 3, na- 
sion; 4. prosthion; 5, gnathion; 6, suprastemale; 7, akromion; 8. mesosternale; 
d, thelion; 10, radiale; 11, omphalion 12, iUocnstaU; 13, diosplnale anterior; 
14, symphysion; 15, trocbanterion; 16, stylion; 17, pbalangion; 18, daktylion; 
19, tibiale; 20, spbyrion, 

Figure 207B. Landmarks in the lateral view. X, vertex; 2, nasion; 3, stomion; 
4, gnathion; 5, cervicale; 6, akromion; 7, suprastemale; 8. mesostemale: 
9, tbelioo; 10, radiate; 11, omphalion; 12, ilicspinale anterior; 18, sym¬ 
physion; 14, trcchant^rion; 15, stylion; 16, pbalangion; 17, daktyliOQ; 1$, 
ptemioQ; 19, akropodion. 

Figure 207C. Landmarks in the posterior view. 1, vertex; 2, cervicale; 3, 
akromion; 4, radiale; 5, lumbale; 6, iliocdstale; 7, fliospinale posterior; 8, 
trochantericn; 9, pbalangion; 10, daktybon; 11, tibiale; 12, sphyrion. 
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(Large Spreading Caiiper). At the level of the inferior angles of Ae 
scapulae. The mean of the measurements made at expiration and 
inspiration while the subject is breathing normally. 

20. Bi-nUic or Peloic Breadth (Anthropometer used as a sliding 
compass). From illocristate, the most lateral point on the crest of the 
ilium to iliocristale. 

21. Bi-Trochanteric or Hip Breadth (Aadiropom^ec used as a 
sliding compass). From trochanterion, the most lateral point on the 
great trochanter, to trochanterion. 

Girths 

22. Axillary Cheat Girth (Tape). The tape appMed well up in the 
axillary fossae- Mean reading of measurements during normal in- 
spiratioD and expiration. 

25. Mesostemalo Chert Girth (Tape). At the level of the meso- 
stem ale. Mean of measurements during normal inspiration and expi¬ 
ration. 

24. Mimmum Ciroumference of the Girth (Tape). 

The minimum waist girth. Mean of measurements during normal 
inspiration and expiration. 

25. Moitmum Cluteo-Pubic Circumference—H»p GirtA (Tape). 
The subject stands in the military position at attention. The tape is 
placed over the most prODunent portion of the buttocks, is brought 
around the level of the greater trochanters to terminate anteriorly at 
d^e level determined by the buttocks and trochanters in die pubic 
region. 

26- Maximum Circumference of the Right Arm (Tape). When 
the arm is hanging relaxed at the subject s side. 

27. Maximum Circumference of the Right Forearm (Tape). Im¬ 
mediately distal to the elbow joint, with the whole extremity reJaxed- 

28. Minimum Circumference cf the Right Forearm—Girth of 
Wrist (Tape). Slightly above the level of the styloid processes of the 
radius and ulna. 

2P. Maximum Circumference of the Right Thigh (Tape). Perpen¬ 
dicular to the long axis of the thi^, with the tape in the gluteal fold 

30. Minimum Circumference of the Right Thigh (Tape). Slightly 
proximal to the condyles of the femur. 

31. MaxUntm Circumference of the Right Leg —Girth of Caif 
(Tape). The level of the maximum diameter above the floor should 
also be recorded. 

32. Minimum Circumference of the Right Leg~^irth of Ankie 
(Tape). Slightly above the level of the malleoli. 
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Measurements With Subject m Sittiog Position 
Sitting Heights 

A beach or box, high enough to keep the subject’s feet away from 
the ground is placed against a svall, and the subject is instructed to 
ta]ce his seat in such a manner as to enable him to swing his legs 
freely over the front of the beach or box, while his scapular and 
sacral regiozu are resting vertically against the surface of the wall. In 
this position all measurements are taken from the specified landmark 
to the scat of the bench or box. The subject sits erectly with the head 
in die plane of the visual axis. 

33. Stfttng Vert&c Height (Anthropometer). From the highest 
point, in the sagittal plane, of the head to the surface upon which 
the subject is seated. 

34- Sifting Suprastemcls Height (Anthropometer), From the 
middle of the anterior-superior border of the manubrium stemi to the 
floor. 

By subtracting 34 from 33 the height of the head and neck is 
obtained. 

Dimensions of the Hand and Foot 

35. Mdximtom Hand Length (Sliding Compass). The hand is laid 
flat on a table. The distance from the mid-point of a line connecting 
d)e styloid processes of radius and ulna to the most anterior projection 
of the skin of the middle finger. 

36. Hand Breadth (Sliding Compass). From the radial side of 
the second metacaipo-phalangeal junction to the ulnar side of the fifdi 
metacarpO'phalangeal junction. 

37. Maximum Foot Length (Spreading Calipers). From the most 
posteriorly projecting point on the heel (akropodion) to the tip of the 
most anteriorly projecting toe (ptemion), when the subject is stand¬ 
ing erect. 

38. Foot Breadth (Anthropometer as Sliding Compass)- From 
the medial margin of the head of the first metatarsal to the lateral 
margin of the bead of the fifth metatarsal. 

Dimensions of the Head 

Measurements of the head are best made while the subject is 
comfortably seated in a chair- As for the rest of the body so in the 
case of the head, the measurements which the investigator will want 
to make upon the head vaH, for the most pert, be detentiined by the 
nature of his problem. Below are given the measurements most 
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generally made, but the investigator may devise others to suit the 
special requirements of his particular problem. Such new measure¬ 
ments, however, must have some morphological basis and should not 
begin and end, as it were, in thin air. 

Before Usting the measurements made to determine (he various 
dimensions of the head it is necessary to define the landmarks from 
which such measurements are conventionally made. The position of 
these landmarks is shown in Figure 208. 

AhT 0 (al). The most lateral point on the wing of the nose 

Ch^Xion (ch). The most lateral point a( the comer of the lips- 

Zctocanthion (ex). Outer comer of the eye or palpebral opening. 

EndooGniU&n (en). Inner comer of the eye or palpebral opening. 

Eitryon (eu). The most lateral point on the side of the head. 

Froniotcmporale (ft). The most medial (deepest) point on the 
incurvuie of the temple, just above and lateral to the orbit (see Figure 
208). 

Chhella (g). The most prominent point, in the midsagittal plane, 
between die eyebrows. 

Gnathion (gn). The lowest median point on the lower border of 
the mandible. 

Gonion (go), The most lateral point upon the postero-inferior 
angle (formed by die ramus and the body) of the mandible. 

Ini^adentak (id). The highest point on the gum between the 
mandibular central incisors. 

Lfl£»rate inferius (li). The median point in die lower margin of the 
bwer membranous lip. 

Labrale supeiius (Is), The median point in die upper margin of 
the upper membranous lip. 

Metopion (m). The median point of a line connecting the two 
frontal eminences. 

Nosion (n), The point at which a horizontal tangential to the 
highest points on the superior palpebral sulci intersects the mid- 
sagittal plane (Figures 208A and 218), The subject should be looking 
straight ahead. 

Ophryon (on). The median point of a line drawn tangent to the 
upper border of the eyebrows. 

OpMoemmon (op). The point of most backward projection of 
the head, in the mid-plane. 

Orbitole (or). The lowest point on the inferior orbital margin. 

Otoba$ion inf&ius (obi). The lowe^ point at which the ear 
attaches to the side of the head. 
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PoHon (po). The point 5.0 mm. above the middle o£ the external 
border of the roof of die cutaneous e>rternal auditory meatus. 

Po^aitrak (pa). The most posterior point on the helix of the ear. 

PreauraU (pra). TTie point at which a straight line drawn from 
the postaurale perpendicular to the long axis of the external ear meets 
the base of the external ear. 

Pfonasdg (pm), The tip of the nose. 

Prosthion (pr). The lowest point on the gum between the maxil- 
laiy central indsors. 

Stomion (sto). The central point in the oral fissure when tlie lips 
are closed. 

Subauraie (sba). The lowest point on the inferior border of the 
ear lobule when die head is held in die Frankfurt Plane, 

Subnasale (sn). The point at which the nasal septum, between 
the nostrils, merges with ^e upper cutaneous lip in the mid'sagittal 
plane. 

Supercurale (sa). The highest point on the superior border of the 
helix. 

The Frankfurt Plane or Horizontal (P.H.). The plane determined 
by the lowest points on the infra'Cffbital margins (the orbltalia, “or” 
in Figure 20$B) and the tragion or tragial notch of die ear ('V in 
Figure 208A). This corresponds almost exactly to die plane of the 
visual axis, which obtains when the individual is looking straight 
ahead of him. 

Tragion (t). The notch immecliately above the tragus of the ear. 

Trichion (tr). The mid-point at the hairline on the forehead. 

Tubercuhre (tu). Darwin’s point on the ear; the tubercle on the 
upper portion of the helix. 

Vgrtex (v). The highest point of the head, in the mid-sagittal 
plane, when the head is held erectly or in the FranJdurt Plane. 

Zygicn (z). The laterahnost point on the zygomatic arch. 

Cephalometry 
Measurements of the Head 

Maximum Bead Length (Spreading Cahper). The distance be¬ 
tween the glabella and the farthest projecting point in the mid-sagittal 
plane, on the back of the head (occiput). The latter point is termed 
the opisthocranion. 

Maximum Head Breadth (Spreading Caliper). The greatest tranS' 
verse diameter of the head. This is usually found at a point over each 
parietal bone (each point is termed the euryon). 
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Figure 208A Figure 203B 

Figure 208. A. Landmarks in the frontal view of the head. B- Landmarks 
in the lateiai view of head. aJ, alaie; ci, cheDonj ex, ectocanttion; 
en eodocsmthioo; eu, eujyon; ft. frontotemporalei g. gkbellaj gp. gaathioD; 
go, gonion; li, Jabrale Inferius; Is, labrale superius; m, metopionj a, otslm 
on. ophryonj op, opislhocranioiii or, orbitale; obi, crtobosion infenus; pm, 
pwmasale; pr, prosiion: sbe, subauiale; sn, subnasale; sa, superau^e; t 
tragion; tr, tridiionj tu, tubercuJare; zy, zygioo. (From Martin. I^hrbiich 
Aiithro^gU, 1928. Courtesy, Gustav Fischer, Jena.) 


H& 2 d Height (Todd’s Head-Spanner). Hie fiber-tipped movable 
horizontal rods are inserted into the ear-holes so that they touch the 
roof of the latter, die rods are then secured by screws. The orbital 
arm is then placed at the level of the most inferior point on die infra¬ 
orbital mar^ and kept there. As long as this position is maintained 
(he head is in the Frankfurt Plane in relation to the measuring ruler. 
The latter is then released to the level of the top of dte head, and the 
meastiromenC read off. Eight mm. may be deducted from this meas¬ 
urement to aQow for the thickness of the skin and subjacent tissues, 
should (be height of the skull be desired. Five rndlimeters should 
then also be deducted to allow for the thickness of the tissues forming 
the roof of the ear-hole. 

Minimum Frontal Breadth (Spreading Caliper). The shortest 
distance between the origins of the zygomatic processes of the frontal 
bones (the fronta-temporafes, 'Tt* in Figures 208A and 208B). 
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Bizygomatic Breadth (Spreading Caliper), The distance between 
the most leteraQy situated points on the zygomatic arches (the zygia, 

V* in Figure 208B)- 

Blgcmial Breadth (Spreading Caliper). The distance between the 
gonial points. 

Physiognomic Facial Length (Sliding Compass). From trichion 
to gtiathion. 

Morphological Facial Height (Slidujg Compass). From nasion to 
gnathiOD. 

Total law Height (Sliding Compass), From subnasale to gnathion. 
The jaws must be DOrxnally closed without undue pressure. 

Inter-Canthic Diameter (Sliding Compass). Prom die medial 
point of the function of the upper and lower eyelids (“en" in Figure 
203A) of one side to the other. 

Extra-Canthic Diameter (Sliding Compass). From the lateral 
point of the junction of the upper and lower eyelids (“ex” in Figure 
208A) of the one side to the other. 

Nasal Length (Sliding Compass). From nasion to suboasale. 

Maximum Physiognomic Nasal Breadth (Sliding Compass), Hie 
zziaximum transverse distance between the most laterally situated 
points on the wings of the nose (the alare, “al" in Figure 208A). 

Maximum Breadth of the Mouth (Sliding Compass). The maxi¬ 
mum breadth of die mouth when the face is in a relaxed condition 
{from "cb'* to "ch" in Figure 208A), 

Physiognomic Ear Heigfa (Sliding Compass). The distance be¬ 
tween the superaurale and the subaurale (“sa" and "sba” in Figure 
2086). 

Physiognomic Ear Breadth (Sliding Compass). The distance be¬ 
tween die preaurale and the postaurale. (“pra" and “pa* in Figure 
208B). 

Girths 

39. Maximum Circumference of the Head (Tape). Ftom the 
smooth area between eyebrows (glabella) around the maximum pro¬ 
jection of the occiput {opisdiocranion) to the glabella. 

40. Circumference of Neck (Tape), At the level of the most promi¬ 
nent portion of the thyroid cartilage. 

Indices 

An index, as used in anthropometry, is the ratio of one measurement 
to another expressed as a percentage of the larger one. Thus, if it is 
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desired to detenniDe the proportional relation of the breadth of the 
head to its length, the length is equated to the value of 100, and the 
breadth is then expressed as a ratio of 100. This yields the cephahe 
i nd ex. In which breaddx is to length as x is to 100, the value of x being 
found by multiplying the actual value of the breadth by 100 and divid* 
ing by the actual length. Thus: 

Cephalic Lidex (x). 

By means of indices obtained In this way, it is possible to convey 
an exact idea of the proportion which one measurement bears to 
another, and thus something of the form of the structures concerned, 
in a single numerical expression. For example, a cephalic index of 
75 per cent means that the breadth of the head Is to its length as 75 
is to 100; which clearly means that the breadth of (be bead is equal 
to three-fourths of its length or is 75 per cent of its length. An index 
greater than 75 would mean that the head was so much broader in 
relation to its length, and an index below 75 would mean the opposite. 
Thus, an index of 100 would mean (hat (he head was as broad as it is 
long, and an index of 50 that the breadth of the head was exactly 
equal to half its length. 

The number of indices which have been devised are almost count- 
less. A good general rule to follow is to use or devise only such indices 
as are absolutely necessary to the prosecution, and the presentation 
of the results, of an investigation. 

In comparing any two measurements it is sometimes convenient 
to refer them to some definite standard, preferably one which is not 
too variable. Total stature and sitting height are as near as we can get 
to such standards, and any bodily measuiemeat may be expressed as 
as index with reference to total height or sitting height, thus: 

any bodUy measurement X 100 - stature index of measurement 
total height or stature 

any bodHy measurement X 1®0 ...... r 

' ' ' = sitting height index of measure- 

sitting height ment used 

The following represent some of the anthropometric indices most 
commonly used: 

Maximum Head Breadth X 

Cephalic index ss - 

Maximum Head Length 
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Dolichocephalic 

X-75^ 

MesoccphaUc 

76.0-00.9 

Brachyccpbalic 

Si-0-85.4 

Hyperbrachyccphalic 

85.5-X 

Brachial Index 

Length of Forearm X ItH) 
Length of Upper Arm 

Forearm-Hand Index 

Hand Length X 100 

Length of Forearm 

Hand Breadth X 100 

Hand Index 

Hand Length 

TibioFemoral Index 

Length of Lower Leg X 100 
X^gth of Thigh 

Length of Foot X 100 

Lower Leg*Foot Index 

Length of Lower Leg 

Intermembral Index 

length of Entire Arm X 100 
Length of Entire Leg 

Femero-Humcral Index 

Length of Upper Arm X 100 
Length of Thigh 



Fi^re 209. Tbe Humao skuJ!. 
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TibicvRadjal Index 


Trunk Index 


Length of Forearm X 100 
Length of L<^r Leg 
Biacronua] Breadth X 100 
Sitting Supra^temale Height 


There are many more indices than these, but it is unnecessary to 
deal with them here. Additional lists of indices will be found in the 
works on anthropometry cited in the bibliography. 

A large number of constitutional indices have been devised, but 
not one of these has yet proved satisfactory, for the reason that coosti* 
tution is far too complex a thing to be expressible in terms of a single 
index.^ 


Cranial at tot Living 

This may be computed by the Lee-Pearson formula, as follows: 
For males, -000337 (cephalic length — 11) X (cephalic breadth — 
11) X (oar head-height — 11) -j- 406.01 i for femaUs, ,0004 (ce¬ 
phalic length — 11) X (cephalic breadth — 11) X (earhead-beight 
— 21) -f- 200.60. 

Antotoposcopic Obsebvations 

In making visual observations on the subject d>e investigator must 
strive to attain the greatest precisioo, to eliminate the eJeinent of sub- 
jective judgment, and to obtain as objective a record as possible. The 
ideal at which to aim is the attainment of standards of accuracy which 
are as nearly quantitatively expressible as possible. Hence, mediods 
contributing towards this end are, in all instances, to be preferred. The 
development of such methods is an urgent desideratum. Many anthro- 
poscopic methods at present in use are hopelessly unreliable. Only a 
few of (hose available methods can be dealt with here which are 
capable of yielding relatively sound and comparable observations. 

All observations should be made in good ligh t. 

Abbreviations which have been used in recording some observa¬ 
tions are: aba absent, undeveloped, none^ si. = slight, very small; 
sm. = small, submedium, few; + = average, medium, several; 
H- + = above average, large, pronounced, many; + + -j- s great, 
very many, extraordinary development; ? = not observable, 

I. SotnaMype. Made from photographs taken in the standard posi¬ 
tions described hereunder in direction 18, (pp. 578-579), 

’For a list of coostiniUotuI indices see Tucket, W.B. end Lesse, W. A.: Msb: 
e eonstitudoiul lavestintieii Qu«ft. Aeu. Bioi., I5.41$’4U, 1940. 
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2. Getusral Sex Facies o$’ Appearance (after establishment of pu¬ 
berty). 

Whether the mature subject appears to deviate from noiraalcy; 
wbe&er ha is hypogoaada) or gynandromorphic, infantile or 
juvenile, masculine or feminine (in the opposite sei:), adult or 
senile. By "bypogonadar is to be understood inadequate devel¬ 
opment of the secondary se^cual characters. By ‘‘gynandromorphy’’ 
the degree or prominence of the secondary sexual characters of 
the one sex present io a member of the opposite sex. Since many 
groups differ from American North European white standards, 
die observer should take great care in arriving at his standard of 
the norm in such groups. 

3. Skin Colcr. There is no rule as to where skin color should be 
taken. 

The inner surface of the upper arm has been frequently used 
on the assumption that it is a region not too much exposed to sun¬ 
light. Whatever region is used should be used constantly in the 
series under investigation. Skin color should be determined by the 
use of some fast and easily reduplicable color standard. The best 
available color standards are obtainable from the non-profit Mun- 
sell Color Company (of which Mrs. B. B. Bellamy is manager), 
10 East Franklin Street, Baltimore 2, Maryland. It will be found 
useful to cut a small square out of a piece of cardboard, and hold 
this over tbe desired area on the subject for comparison with the 
color squares on the Munsell charts. This eliminates die distrac¬ 
tion of adjoining areas of skin color and speeds accurate matching 
of colors. 

Record presence and position of any variably pigmented areas, 
including the so-called *blue-spot‘' (miscalled "Mongoloid spot") 
in sacral region of infants. 

4. Hair Color. Scalp, face, and body hair, eyebrows, mustache, beard, 
chest, abdomen, pubes, and extremities, to be observed and 
recorded separately. Use Munsell color standards. Collect samples 
of hail and record area from which taken. 

5. Hotr Form. Usually but quite inadequately described as; Straight 
low wave, medium wave, deep wave, curly, frizxly or kinky, and 
coiled or spiral tufts (pepper com). 

Dr. Stanley Gam has Idndly supplied the following comments 
on hair form: 

Human head hair exists in a complete range of forms, with 
hair that is nearly straight and hair that curls into tiglit spirals 
representing the extremes of the human distribution. 
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Figure 210. Area variations in structw and relative size of bair in male. 
(Courtesy, Dr. S. M. Gars.) 


-* 

Figure 211. Skin folds over the upper eyelid la man. ^The ri^t eye is 
shown with the root of the nose, nasioa, toward the middle of the page, 
a, complete Mongoloid Cold, h, interna! epicanthio fold, c, no fold, d, external 
epicanthic fold, e, median fold, a', mid-sagittal section showing the relation 
of the skin fold to the upper eyelid in the Mongoloid, and c' in the non- 
Mongoloid. (Modified after Hooton, Up From the Ap^. 1946. Courtesy, 

The Macmillan Co.) 
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[fiUtnil Eplc«n<>i!e Fold 



d. 



Evtem«l fyieanihio FoU 



e. 



Figure 2U. See legend opposite page. 
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Actualiy, no human hair is completely straight, but if the 
radius of curvature is larger than that of the bead, it appears 
straight when short and hangs straight by its own weight if long. 
When the curvature is in one direction, the hair forms ringlets or 
helices. With reversing or alternating curvature the hair is “wavy, 
whereas very sitialJ radii of curvature, becoming progressively 
slightly larger, are characteristic of the spiral*tuft type. The best 
descripUon of hair form is therefore not s^bal, but mathematical, 
thus avoiding a needless series of descriptive categories. 

Clearly, variations in the form of the hair are due to localized 
growth gradients in the follicle, with obvious synchrooia among 
adjacent hair follicles. The form of hair that a given follicle will 
produce is apparently determined genetically, occasionally by a 
single pair of genes, but more commonly by the cumulative ac¬ 
tion of many genes. Hormonal influences also affect hair curva¬ 
ture, sometimes by controlling the rate of hair growth, or hair 
thickoess. 

By analogy widi the propagation of light waves, one can view 
variations in hair fonn as due to oscillations within the follicle 
during growtii. The more rapid the osdUations, the shorter is the 
wave-length, and, if the rotatory movement is continuous, helices 
and spirals are superimposed upon the growing hairs. With syn¬ 
chronous follicular activity, hairs in a given region, comprising a 
lock, have similar degrees of curvature. This is especially evident 
in the fur of the Karakul lamb, and in poodles, and people with 
helical and spiral-locks. 

Where hair-straightening or hair curiing is not practiced, 
measurements of die wavelength (distance between peaks), 
amplitude, radius of curvature, furnish useful genetically-mean- 
ingful data for mathematical analysis. 

fl. Hair Quantity^ Kumber of hairs in a square centimeter of scalp; 
whether thi<^, medium, d^innfng, thin; degree and pattern of 
baldness. 

7. Et/e Ccler. With the subject in good light and facing a white sur¬ 
face the iris is matched with Mujisell color samples. Record ray¬ 
ing, zoning, and spotting of iris. 

8. Supraorbital Ridges, Absent, slight, medium, and pronounced. 

9. Ear Form, Degree of roUing of helix; whether lobe of ear is free 
or attached; Darwin s point; size; shape. 
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10. EyefoUU. Tlie artangoments of the skin over the upper eyelids 
and canthi. 

Desesribed and defined as follows {see Figure 211); 

i. Complete Mongoloid Fold: The skin above die upper eye« 
lid is loose and hangs down over the free margin of the 
eyelid. 

ii. Iniemtil Epicnnthic Fold: The slon bangs over the inner 
canthus alone. 

iii. Extenud Epicanthlc Fold: The skin bangs over the external 
canthus alone. 

iv. No Fold: The slcin forms a gende arch above the upper 
eyelid. 

V, Median Fold: The skin hangs down over die middle part 
of the margic of the upper eyelid and leaves both canthi 
exposed. 

vL Pseudo^Mongohid Fold: Usually present in babies but dis¬ 
appears within a year or two with growth; occurs often as an 
age change in older people, simulating the appearance of the 
complete Mongoloid fold. 

11. Nose Form. 

i. Nasal Profile: Concave, straight, convex, concavo-convex. 

ii. Nojol Root: Flat, recessed, medium, prominent. 

iii. Nasal Tip: Narrow, medium, thick, bulbous. 

12. Nostrils. Broad, oval, round. Angle in relation to mid-sagittal 
plane. 

13. Lips. 

i. Membranow: Thin, medium, thick, very thick; degree of 
eversioa, 

ii. Integtimenial: Thiclmess, 

14. Dentition. A dental form showing the occlusal surfaces of the 
teeth of the upper and lower jaws should be used, and all observa¬ 
tions marked, whenever possible, directly upon ^e teeth referred 
to. The S. 5. White Dentd Manufacturing Company supplies use¬ 
ful record cards for this purpose. A dental mirror wHl be found 
useful. The following details should be noted: 

i. Occlusion or Bite: Estimated horizontal distance between 
upper and lower indsors. Recorded as + when upper teeth 
are in advance of the lower; as — when lower teeth are in 
advance of the upper. 
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u. Level above gum of erupting teeth, in millimeters, 
iii. Shc^vel'shaped incisors, 
iv- Supernumerary teeth. 

V. Congenitally missing teeth, 
vi. Unerupled teeth, 
vil. Crowding, 
viii. BotatioD. 

ix. Accessory cusps or tubercles. 

X. Wear of occlusal surfaces, 
ri. Teeth lost by ertraction or otherwise, 
xii, Caries. 

xui. Fissural patterns of occlusal surfaces of mandibular three 
molars, Y5, +5. Y4, or +4. 

15. Mandibular Torus. Bony thickening, inner sides of mandible. 

16. Talalal Form. Narrow, intermediate, broad; low, medium, high. 
Whether torus palatinus (a piling up of bone along the course 
of the palatine intermaxillary suture which may be felt and often 
seen at the median raphe in the livmg) is present. 

17. Chin Form. Pointed, rounded, square; receding, vertical, slight, 
medium, marked protrusion. The observer must define his stand¬ 
ards and consistently adhere to them. 

IS. Standard Photographs. The aim should be to obtain photographs 
which give as complete a view of the nude body as possible and 
all its outlines. This is particularly necessary for somatotyping. 
Full leugth views of the fron^ ba^ and left side are desirable. 
Front view and left profile photographs of the head may be taken 
as suppleroentary, or when full views in the nude are not possible. 
The subject should always be placed at a constant distance from 
the lens of the camera, the background should always be as nearly 
unifonn as possible, and floor, wall or ground and background 
so arranged that they merge in the photograph, and preferably 
appear white. For purposes of standard reproduction any back¬ 
ground may be air-bnished white. Use panchromatic film. Women 
should pile the hair on top of the head in a hair net, in order not 
to obscure the outlines of the neck and shoulders. 

Frontal Viaw 

i. Subject in normal standing position breathing normally, 
with lower extremities just sufBdently separated so that 
the inner aspects of the thighs do not touch. 
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if. Eyes loo^g straight edicad. 

iil. Arms, hands, and fingers straight Lock olecranon process, 
iv. Hands five inches out from thighs. 

V. Right and left hands palm facing tliigJj. 

Left Profile 

I Aims, hands, and fingers straight. Held flat against the body 
in center of body outline, so that neither elbow nor hand 
break the outline behind or in front, 
ii. Knees and kgs perfectly in line. Do not lock, 
iii. Face in perfect profile, subject looking straiglit ahead. 

Bock View 

i As front. If lighting is oblique arms slioiild be carried for¬ 
ward to prevent shadow on fiauks.® 

"For the most recent recommcndatlans for llie stondaidiMtiuu of techniquei 
in posing the subioet m Dupetftiis, C, W. and Tanner, J. M.; The pose of ti\e 
subfect for pholognmimefrlc anthropometry, with especial reference to somato- 
typing. Am. }. Phye. Anthtopol, n.8. S;27-47, 1950. 



Figure £12. Four stages in areolar development of the white female (Modi¬ 
fied after Gem and Sbaznir.) 
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Figure 213. Schematic representation of breast shapes. 1. Bow]«sbaped. 
2. Hemispherical. 3. Cnnical. 4. Elongated. 

19. Pajyfflue, Areolae, Breasts. The elements o£ the breasts, papillae, 
aieolae, and the fatty main body of the breasts should be care¬ 
fully distinguished. Record all anomalies and asymmetries, and 
supemuinerary elements. 

PapiUaei Flat, infantile, everted, and their size indicated. 
Areolae: 0 Infantile, small, flat, lightly pigmented. 

1 Eaily*matuxing, pigmentation still developing, areolae 
separately elevated from body of breast, papilla 
buried. 

2 Later*maturing, there is a marked ring of pigmenta¬ 
tion at the periphery, papilla still buried. 

3 Mature Areolae no longer separately elevated, papilla 
everted. 

4 Mature Areolae separately elevated, papilla everted. 
Breast Form; 

1. Bowl-shaped, in which the anterior projection is 
less than the radius of the drcumference. 

2. Hemispherical, in which the anterior projection is 
equal to the radius of the circumference. 










XtETHODS OF MEASUREMENT 


!S8I 

3. Conical, in which tho au^erior projeeboa is greater 
than the radius. 

4. Dependent, with the papillae pointing downwards. 

20. LumboT Cutvature. Slight, moderate, marked. 

21. Buttoc^^ Flat, medium, prominent, stcatopygio\«. 

22. Extemai gQnHalia. In the male penis may be measured from pubis 
to external os, in flaccid condiboD. In female, size of labia may 
be recorded. 

23. Hands and Feet- Note any webbing of fingers or toes, or any other 
anomalies. Note shape of nails, as longmarrow, short-bioad, etc. 
The relative projection of fingers and toes in relation to each of 
their fellows is expressible in the digital formuh. In the band 
one begins counting with the thumb as 1, the index-finger as 2, 
the middle finger sm 3, the ring«finger as 4, and the little finger 
as 5. The most projecting finger is written first. For example, if 
the middle finger projects furthest, and the ring-finger further 
dian the index'finger, and the index-finger further than the little 
finger, and the little finger further than the thumb, one writes 
the digital formula tlius: 3>4>2>5>1. The same procedure is 
foUowed for the toes, counting the big toe as I and the little toe 
as 5. Supernumerary digits or toes and all other possible varia¬ 
tions and anomalies may be recorded, 

FiNOEfi, Palm, Toe, ano SOLfi PwNTt 

The skin on the palmar and plantar surfaces of the human hand 
and foot differs in character from that covering other parb of the 
body. The palmar and plantar skin is corrugated into continuous ridg;es 
and lacks both hairs and sebaceous (oil) glands. Sweat glands are, 
however, numerous. These corrugated ridges are known as friction 
ridges and are present in all primates.® These ridges are obviously of 
great assistance in handling and grasping since they help to counteract 
slipping. Since from the time of their formation in the early fetus 
to die final disintegration of the skin after death the patterns which 
these ridges present remain unaltered they are of use not only for 
the purpose of identification, in recognizing types of twins, but also in 

*For a comprehensive stud}* Midlo, C. and Cunuoins, H.: Palmar and 
Planlar Dennatoglyphka In Primates. American Anatomical Uamoirs, No. 20, 
Philadelphia, WuUr Inst., 1943. 

^^The ridges oo the (ermiaaJ digits moy be so won down as to be invieibW' 
This is often the case in stenographers. In shoeless people (who habitually wear 
no shoes) die plantar and toe ridges may be sunilacly worn down. 
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o£ heredity, radalion, sex differeoces, growth, bodily symmetry, 
and comparative primntology. Dcrmatoglyphics (donna, skm—giyphe, 
carve) is the name given to the study of the ridge pattemings of the 
skin of the Bngers, palms, toes, and soles. 

The materials necessary for making finger and palm prints, toe and 
sole prints are the following: A plate of lucite or bakelite 8" x ICT 
and thick, a tube of printer's ink, a rubber roller, and a good grade 
of white, not highly alxed, paper or tlie standard cards customarily 
in use measuring S' x 8' for finger prints. 

An even film of ink is spread on the lucite or bakelite base, and 
each finger is then rolled firmly from the inner to the outer edge on the 
film, the same operation then being repeated upon the paper or cards. 

A solvent should be available with which to clean fingers. Fingers 
for printing should be perfectly clean and dry. After the prints have 
been made the solvent may be used to remove the ink from the fingers. 

In palm printing the inked roller is passed several times over the 
whole area to be printed from the base of the fingers where they join 
the palm to the flexion creases on the wrist. The ulnar or little finger 
side of the subjects palm is then laid against the paper and the hand 
rolled palm downward to the radial or thumb side. Appreciable pres¬ 
sure must be applied to the back of the hand and over the knuckles 
in order to obtain satisfactory impressions of the central portions of the 
palms and bases of the fingers. It is essential to print each tri-radius 
(triangular group of consolidated ridges) at the base of each finger, 
as well as the carpal tri-radius located at the base of the thumb. 

The aole is inked and printed in the same way as the palm. Each 
toe is printed separately. Persons suffering from athlete’s foot should 
not be printed even if their friction ridges are visible. 

Pbysxometric Observations 

the measurement of the physiological functions of the body will 
include functions which are sensibly influenced by environmental fac¬ 
tors like pulse and even color vision, and some that are not, such as the 
ability to taste certain substances which is a genetically conditioned 
trait. A distinction between modifiable physiological functions and 
genetically conditioned functional traits will not be made here, though 
the distinction can, of course, and should for certain purposes, be 
made. 

Ten basic observations are here listed which can be made with a 
reasonable degree of expedition and considerable accuracy, 

The subject sliould always be examined alone. The presence of 
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od>er persoas is distracting, and the desire to imitate or look for clues 
in the behavior of others confusing. Among non-literate peoples special 
precautions and crosS'checking must be instituted in order to make 
quite certain the instructions has^ been understood and tlie desire of 
the subject to please has not been too overwhelming. 

L Physical Fitness or Step Test. Take pulse with stop-watch. 
Write down the mean of four one*minute observations. The subject 
is then asked (o step rapidly on and oE a 12 inch step or platform for 
one minute. The exact pace is set with a metronome. Take pulse im¬ 
mediately after subject has completed this operation and determine 
how long the pulse takes to return to normal, 

2. Dynamometric Strength Use a physician’s dynamometer with 
light attached. The mean of the maximum of three squeezes with the 
hand customarily used for squeezing. 

3. Resistance to Ulta-VicUt Ray Burning. Ethnic variations in 
sensitivity to skin burning as exhibited in erythema or reddening of 
the skin due to ultra-violet radiation is something concerning which 
we know very little. In view of the possibility of selective diEerences 
in the frequency of this trait as between different ethnic groups it 
would be of considerable interest to know whether or not such differ¬ 
ences exist. An apparatus suitable for this purpose has been success¬ 
fully used by Dr. George Levene of Massachusetts Memorial Hospitals, 
Boston. This consists of a small ultra-violet generator which measures 
3 X 6 X IS inches and weighs a little over seven pounds. There is a 
one inch square window which is applied to the surface of the skin for 
a predetermined period of time. The instrument is extremely critical 
in its radiation, with an inteosity exposure of 2,537 angstrom units. 
The constancy of characteristic tube radiation is controlled by measure- 
ing the output from time to time with a special ultra-violet photometer. 
When the type of radiation varies the lamp is replaced. The degree of 
erythema or reddening can be measured either by determining the 
temperature difference between the area of erythema and non-exposed 
skin by means of a sensitive thermocouple, or by color comparison 
using the standard Munsell color charts. 

This apparatus was designed by Mr. Ronald J. McKeoae of Syl- 
vania Electric Products, Inc,, 126 Washington Street, Salem, Massa¬ 
chusetts, who will be glad to answer inquiries concerning it 

For use in the field an electric current supply is, of course, neces¬ 
sary. 

4. Handedness. Whether subject habitually uses one hand in pref¬ 
erence to the other, or is ambidextrous. 
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TABLE I.VI 

CoKdWTRAmKS Of P.T.C. SOLUTlOtJS 



P.T.C. Kffw. 


perLilfT 

1 

1900.00 


OAO.OO 

s 

925.00 

4 

162.00 


81 , 2d 


40,03 

7 

20.31 

9 

10.16 


5.08 

10 

2.54 

11 

1.27 

12 

0.63 

19 

0.82 

14 

0.16 


5. to Taste PTC (Phenyl-Thio-Carbamide). The best 

method of testing ability to taste phenyl-thio-carbamide at vwious 
graded standard measurable concentrations is that developed by Harw 
%ui Kalmus. A soludon containing 0.13* of phenyl-tUo-:atbjunide 
(or phenylthiourea) is made up with boiled tap water, and serial dilu¬ 
tions made up as in Table LVI. v w 

(1) Starting from the higher dilutions and working down, the sub¬ 
ject is given a few c.c. in a glass till he says he perceives a definite 
taste. This gives an approximate value for his threshold. 

(2) The subject is now presented with eight glasses four of which 
contain a few c.c- of water and four contain a few c.c. of the solution 
deteimined in stage (1). The glasses are arranged at random- The 
subject is told that four of them contain the substance and four cont^ 
water, and be is asked to taste them all and to separate them into the 
two groups of four- The quantity of fluid is not limited, and glasses 
are refilled during the test if desired. If Uie two groups of four are 
correctly separated die test is repeated with the next lower concentra¬ 
tion and so on, until the subject can no longer disaiminate correctly 
The lovp^t concentration at which a completely correct answer is 
given is taken as the threshold. If, on the other hand, the subject is 
unable to separate the two groups accurately, the test is repeated in 
the same meaner widi increasing concentrations till a concentration 
is reached when a completely correct answer is given. Since there are 
both sexual and age differences in the threshold ability to taste PTC, 
age and sex should be carefully recorded for each subject. 
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In the field It may not be possible to use the above method. Under 
such conditions the following Is a useful procedure: 

A slip of paper impregnated with phenyi-thio-carbamide is given 
to the subject and he is asked to place It upon the back of the tongue. 
He is then asked whether he tastes anything. If the subject is a tastCT 
he wiU reply in terms indicating that he tastes something bitter it 
he is a non-Uster he wiU generally indicate that he tastes nothing 
Record those who are in doubt as to whether tliey taste anyUung with 
a question mark. In order to test the genuineness of replies each sub- 
jetf should be given several tests with blank strips among ^ose o^red^ 
Some individuals detect the bitter taste almost immediately. Oth^s 
have to chew the paper for some time before the taste b^mes detect¬ 
able to them. It a necessary to make certain that the paper used 
before impregnation with PTC is itself entirely free of cliemicals that 
yield a bitter taste. Careful records should be kept to distin^ish 
Uly from late tasters, for there are apparently two dominant alleles 

involved. A stop-watch is helpful here. mrniY 

6 AbaUy to Smell Hydrocyanic Acid. ^ THIS HIGH^ 

POISONOUS SUBSTANCE, potassium cyanide, in soluti^, cannot De 
smelled by a certain proportion of individuals. It is vitally imporfaii 
in using this test material to take every precaution against the possi¬ 
bility of its being erroneously taken by mouth, for ^ 

to li fatal. Antidotes: Inhalation amyl nitrite in handkerchief held 
bghtly over nose, meanwhile cause vomiting by giving one pmt ^ 
I per cent sodiumthiosulfate or soapy water or mustard water by 
mouth. Do not give anything by mouth to uncomaom subject 

7 Ability to RoU Side$ of Tongue Upward When Moulk v Open. 
If the investigator is able to perform thU act he should show the sub- 
ject what is required. If he is unable to do so he sh^ld sock out hi 
tongue and with bis fingers press against the edges of the tongue thus 
rolling the sides upwards. The literate subject will not 

quiie any demonstration. The abiUty to roll the tongue into a U-shape 
when the mouth is open is due to a (fcminant gene R. 

a Ability to Turn One Side of the Tongue Up. With the Mouth 
Oven The subject is asked to rotate the tongue so that the left side 
is upward and the right remains cither stationary or is lowered, and 
vice versa. Sides to be recorded for ability and nonability. 

p Color Blindness. Best tested with the Doorine Color Di^imi- 
nation Screening Test, obtainable from Israel Dvoime, 2328 Eut«w 
Place. Baltimoie 17, Maryland. Tests A and B should he used. 
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Figure 214. Tie pabnans longui muscle. The prommenC (endon toward 
outer margin of this page is the pakiaris longus. The right foreans is shown. 

10. Pigmentation of Iris. A dominant gene P is responsible for the 
pigment at the front layer of the iris. The momozygous recessive genes 
pp are responsible for there being pigment particles present for the 
most part only in the posterior layer of the iris, thus yielding *15106" 
eyes. The Munsell Color Chart should be used in determining eye 
color (see p. 573). 

11. Interlocking Fingers and Thumb. When the fingers are locked 
some individuab wiD invariably place the left thumb over the right 
thumb. This is due to a dominaat gene F. Placing the right thumb 
over the left is due to a recessive gene /. Simply ask the individual to 
interlock his fingers. 

12. Paltnaris Longus Muscle. The central tendon of the forearm 
at the wrist which is normally visible and can be well defined when 
the subject’s fingers are flexed upon the wrist. Three tendons arc 
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generally visible in (his region, one on the thumb side of the wrist 
(fiexor carpi radialis) and one on the little finger side (flexor carpi 
ulnaris). The tendon of the.palraaris longus muscle is situated be¬ 
tween them. It is the most central tendon of the wrist, Becord pres¬ 
ence or absence. Presence is due to a pair of recessive genes 17, absence 
to a dominant gene h. Record condition in both wrists. 

13. Strolcgicfil TraiU. A knowledge of the gene frequency dis¬ 
tribution of the A-B-0 blood groups, the blood types M, N, MN> and 
MNSs, and the Bh types in man is of considerable value in the study 
of human relationships. 

If blood testing cannot conveniently be done, tlie Investigator 
should make complete arrangements with the scientific worker or 
workers within easiest reach to do the testing. Such complete ar¬ 
rangements will, of course, include the manner of preservation, seal¬ 
ing, and sending of blood samples. 

If it is desired to send blood any distance or to keep It for more 
than a day, about 5 c.c. of blood should be taken with a sterile 
syringe under aseptic conditions, placed iu a sterile tube with sterile 
stopper and allowed to clot. A suitable cell suspension can be made 
from this. If the blood is going to be tested promptly a sample may 
be taken directly into 0.9S sodium chloride solution by pricking the 
lobe of the ear or a finger, or in the case of infants the big toe, with a 
spring blood lancet. The skin and the blade of the lancet should be 
cleaned with alcohol or acetone, waiting for the disinfectant to evap^ 
rate before taking the blood. 

Preservatives do not help a great deal. However, red cells remain 
agglutinable (for A, B, M, and N) for some weeks if preserved in 
Rous-Turner solution (3.8* sodium citrate solution 2 parts, 5.4X glu¬ 
cose solution 5 parts) or preferably in the ACD (citric acidcitiate- 
dextrose) mixture used in blood banks. 

The A'B*0 blood groups can often be determined from dried blood 
stems, mummified tissues, and even from skeletal remains of the recent 
period if they are in a suitable state of preservation. 

Blood Typing Techni<fue 

A number of techniques are available from which each investi¬ 
gator may select those most suitable for his work. However, failure 
to foUow certain practices, such as the use of positive and negative 
controls, has led to serious errors which have encumbered the litera¬ 
ture and led to the formulation of fallacious theories. 
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A spring lancet or preferably a sterile needle^' is used to <lraw 
blood either from an ear lobe or a finger. The ear lo^ is 
for it is easier to clean, and less liable to infection. The lobe is first 
swabbed with alcohol and then rubbed vigorously with cotton to 
stimulate drculation-'* It is next punctured with lancet or needle and 
a few drops of blood are caught in a 13 x 100 mm. lube contammg 
m C.C. of physiological saline (.9*). These suspensions are cei^- 
fuged at 1200-1500 r.p.m. (revolutions per minute). The supernatant 
(that part of *e fluid which floats on the surface) is drawn off and 
replaced with fresh saline, the resulting suspension of washed cel s 
should be a » suspension, to be determined by visual inspection. All 
suspensions should be UDifoim, and all cells should be washed at least 


Tests for the presence of group substances A and B, and M and 
N are made by placing one drop of the 2$ cell suspension in a ttibe 
(10 X 75 mm.) to which is added one drop of the appropriate serum, 
anti.A anti-B, anti-M, and anti-N. These tubes are then centrifuged 
one minute at 1000-1500 r.p.m. After all tlie tubes have been centri¬ 
fuged and replaced in the tube rack, the rack of tubes is shaken until 
the cells of the known negative control are resuspended. The tub« 
may be read by simply holding them over a magnifying mirror. Each 
tube should be compared with a known positive and negative 
included in the series being tested for control. Those specimens which 
give a positive reaction, ie.. clumping or agglutination of the cdls, 
with the anti-A serum should next be tested with anti-A, serum. This 
subdivision of A is especially useful among aboriginal populations of 
the New World where presence of A, may indicate mixture with 
Caucasoid populations. 

Tests for the presence of the A and B antigens may also be made 
on slides. For tiiis kind of test the slide may be used to pick up a 
drop of blood directly from the ear, though it is preferable to transfer 
the blood with a loop or wooden applicator, so that there is no excess 
of blood. One drop should be placed at either end of the slide for 
the anti-A and the anti-B scrum. After a drop of the serum, which 
erpeodable sterile needles willi guards ^ individually wrap¬ 
ped iQ paper, are now avtllabla for tbls purpose. 

•* la th« raw event ihal it is noi possible to draw bbod from ihe ear lobe it 
may be talu-n in iho same way as from the eat lobe from tbe tip of the middle 
fiager. In caacs in which Ihe bkod does cot immediately appear a minute or so 
should be allowed lo elap<e before the allempt is made lo expreas blood by pees* 
sure, Fear oftco produce? a vaso^vnslrlelor effect. This should be allowed to 
wear off before any attempt Is made lo obtain the blood. 
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should contain an anticoagulant, is added to the drop of blood the 
two are mixed with a toothpick and the sdJde is rotated to insure 
thorough mixing. The leaciioii should be easily visible to the eye. 

Special care must be taken in using the anti-Rh sera owmg to 
their considerably weaker reactions. A smaller tube (7 x ^ »«»"•) 
may be used in order to conserve sera and to facilitate reading the 
results in the tube by means of a microscope. When the tubes have 
been prepared, as in the A, B. M and N tests by the addition of one 
drop of serum to one drop of 2S suspension of washed cells, the rack 
of tubes is placed in a pan of water and they ore incubated for one 
hour at 37.5’ C. Following this they are centrifuged at slow speed, 
300^ rpm. Before reading, each tube should be rotated or shaken 
Bendy to remove faUe agglutinaHon. if the cells are not agglutinated 
they will be dispersed and resuspended, if they are agglutinated they 
will remain in clumps. These clumps of agglutinat^ cells vary m 
size with the strength of the reaction. It is useful to rewrd the 
strength of each reaction as a check on the strength of various sera 
and as a not very reliable indication of homo- or hetero-zygosity. 
must be taken not to shake out a positive reaction. In the case of a 
person who is heterozygous, the reactions may be ^^aker vs^th 
lain antisera {gene dose effect). All Rh tests should be read u^er 
the low power of a microscope as well as with the naked eye. Tms 
may be done by holding the tube directly under the objective, or by 
removing a drop of the suspension on a glass rod and placing it on a 

the field tvhere laboratory facilities are not available it is often 
necessary to use a stove for incubating the Rh tests. One practical 
method of maintaining the bath at the necessary uniform temperature 
is to place the tray containing the tubes over another pan of water 
so that the heat is derived from the steam of the lower pan ^ water 
rather than directly from the top of the stove which is subject to 

wide fluctuations in temperature. 

For centrifuging the small RU tubes corks may be dipped into 
each of the centrifuge tube jackets so that the small tubes can be 

easily removed. . . , ^ 

No tests should be conducted without the use of both negative 
and positive controls. For this purpose it is de^ahle W type to ad- 
vanoe all members of a field party. Reactions should U read ^ce 
In this way those which are slow in developing will not be nu«ed and 
an additional check on recording errors is provided- S^a should be 
pennitted to come to room temperature before use, at aU other times 
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(hey sbo\)ld be kept in refrigeration. Diluted serum often declines 
in strength, consequently no more sera should be diluted for use than 
axe needed for current typing. 

Eiinipment 

For £eld work certain eventualities must be anticipated which 
would otherwise retard the work- Sufficient glassware should be 
taken so that it is possible to work two or three days while tubes are 
drying. A good quality soap, such as Swan or Ivory, is adequate for 
washing the glassware. Precautions must be taken to be sure that 
the tubes are clean, dry and sterile. 

Serum containers should be identified not only by labels but also 
by etching with a diamond pointed glass markiog pencil. Even 
labels secured with cellulose tape will come off after exposure to 
moisture. This may happen when a boat carrying equipment ships 
water or wlren a refrigerator is inadvertently defrosted. 

China marking pencils of different colors should be used to facili¬ 
tate identification of individual tubes in tests employing different sera, 
thus, tests with anti*A serum may be marked with red and tests with 
anti-B serum marked with blue. 

Four-tube hand operated centrifuges are available from such 
houses as Eimer and Amend, New York City. 

Tuberculin syringes are useful for measuring small amounts of 
serum and saline. It is useful to weigh out salt Id advance for pre¬ 
paring additional amounts of physiological saline in the field. This 
will obviate the need for carrying scales and save time. 

A list of equipment is appended here, the appropriate numbers or 
amounts depend, of course, on the extent of the work to be done. 
Equipment List: 

Isboralory microscope 

centrifuge 

IS rol.* tubes 

13 s 100 mm., 9 x 75 mm., nnd 7 x 50 mo). tubes 
gmund glass slides 
abw inds 

<'xpendab)e CAptllory pipettes 
1 cc. tuberculin syringes one! needles 
juhoratory thermometers 
alioliol 

test htbe brushes 

enttoo. alMOrbeot and non-absorb^t 
* mU miUiUtef, equals I cubic cenGmeler. 
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lube racks 

expendable sterile lancets 
distilled water 
liter pitcbei 

diamond pointed glass mArking pencil 

magnifying mirror (slaving mirror) 

colored Tnnrkiog po)u:ils 

beaken 

soap 

toothpicks 

pans (for ineitbatir^g and wnsluiig) 

sen 

corks 

Collection of Bone Samples for Typing 
Caaccllous tissue such as that found in the bodies of the vertebrae 
or in the heads of the long bones is most suitable for blood typing. 
This can best be obtained by scraping with a bone curette. With care 
It is possible to remove the canoellous tissue from a vertebra without 
damaging its walls for measurement. The bone should be placed in 
a tube and made airtight. Morphological data and cultural data eou' 
ceroing the skeleton should be secured. Care must be taken in the 
case of incidental bones or mass burials that more than cne specimen 
is not taken from one individual or that several specimens taken from 
one skeleton are attributed to only one. 

Technique of Blood Typing Skeletons 
Tbt fob nte Pbesewce op Blood Gbow Substances in Skk^tons 
This is an absorption technique which involves the appbeation of 
serum of known strength to a specimen of pulveriaed bone. After a 
period of incubation the supernatant serum is drawn off the specimen 
and tested against fresh red cells of the appropriate group. If the 
group substance, which determines the blood type, is present in the 
specimen of bone, the antibodies of the serum are wholly or partially 
absorbed and the strength of the serum is thereby reduced. The 
consequent failure to agglutinate red cells is presumptive evidence 
that agglutinins were removed from the serum and therefore that the 
group substance was present in the skeleton tested. 

The sera to be employed are titered by testing successively 
doubled dilutions, e.g., 1:2,14, 1; 8, 1:16, against a 1* suspension of 
fresh red cells. If 1:16 is the limiting titer, that is if it gives a ± 
reading whereas the next higher dilution shows no agglutination, this 
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is taken as the end point- Cmmting back three diJutions, to U2, gives 
the proper dilution to be applied to die specimen. The serum should 
be diluted to yield a reagent with n titer of 4 to 8 units; in the example 
cited the serum would be diluted 2 to 4 times. Anything with a titer 
of less than 4 imits is too weak for reliable results. These dilutions 
may be made m 13 x 100 mm. tubes. From each of these tubes 0.05 cc. 
of the dilated serum is drawn, by means of a tuberculin syringe, and 
placed in a 7 X 50 mm. tube, to which is added 0.05 cc. of I* ceD 
suspension. These are then placed in a rack and shaken at four minute 
intervals for thirty-two minutes- Readings of the degree of agglutina¬ 
tion are made with the low power of a microscope- AU cell suspen¬ 
sions should be washed, measured, and the titration should be per¬ 
formed before each test. 

The canceUous tissue is pulverized before each test in a mortar, and 
0.25 gram placed in a 13 x 100 mm. tube. Nine-tenths of a cc. of 
serum is added to this and the two are thoroughly mixed by rotating 
the tube and with a glass rod, For each skeleton tested a separate 
tube is prepared for the anti-A serum and for the anti-B serum. Each 
tube is sealed with a cork and placed in a refrigerator at 10* C. to 
incubate 4$ hours. The tubes should be agitated at 12 hour intervals. 

At die end of two days the tubes are removed from the refrigerator 
and permitted to return to room temperature. They are then cen¬ 
trifuged and the supernatant scrum drasvn from each by means of a 
tuberculin syringe with a flat ended needle. Physiological saline is 
added to each specimen to equal the amount drasvn off and it is 
titrated again in three successively doubled dilutions to duplicate 
the origin^ dilutions. 0.05 cc. of each dilution is placed in a blood 
group tube, with 0.05 cc. of I* ft^h red cell suspension and shaken 
as before at four minute intervals for thirty-two minutes. The results 
are again read with the low power of the microscope. Failure of the 
supernatant to agglutinate the appropriate red cells indicates that 
group substance of that group was present in the specimen and ab¬ 
sorbed the agglutinins- Agglutinins should be cleared from at least 
two tubes, in a number of tests, for the results to be considered posi¬ 
tive. Controls should, of course, be employed in all tests. The tech¬ 
nique employed in testing skeletons may be found in the following 
papers: “Blood-Group Tests on Stains, Mummified Tissues, and Can¬ 
cellous Bone," by P. B, Candela, Am. 7, Phys, Anthrop. 25.T87-214, 
1939. "Blood grouping reactions of preserved bone and muscle,* by 
L. T. Boyd and W. C- Boyd, Am. I Phys. Anihrop., 25:421-434,1939. 
“A method for reducing non-specific reactions in the typing of human 
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skeletal material," by M. P. Gray, Am. /. Phys, Anthrop., n s., 

139, 1958. 

The DelermiruUion of Hemoglobins and Uaptoglobvis 

A simple method for determining hemoglobins and haptoglobins 
which can be used in the field has been described by Bwdtz-Olsen 
(“Haptoglobins and haemoglobins in Australian aborigines, Nvilh a 
simple method for the estimation of haptoglobins” Med. J. Austral., 
22 Nov. 1958, 689-692). 

Hamoglohins. Hemoglobui solutions are prepared by washing the 
red cells in saline and hemolysing them in four volumes of water and 
a quarter volume of toluene. Electrophoresis of the solutions is carried 
out on Whatman No. 3 paper, horizontally suspended in closed tanks 
with barbiturate buffer, 0.05, pH 8.6. The voltage used is 10 volts per 
centimetre at room temperature for about six hours. 

Haptcglobins. Serum is coDected and enough hemoglobin solu¬ 
tion added to give a concentration of about 200 milligrams per 100 
millimeters. Following several acairate estimations of this concen¬ 
tration in a colorimeter, simple judgment of the color by the eye 
alone will generally be found to be sufficjently accurate. If any of 
the specimens become slightly hemolyscd before separation of the 
serum, they should be used widiout the addition of hemoglobin. 

The details of the electrophoresis arc as follows: 

Apparatus. A simple tack described by Flynn and de Mayo 
(“Miao-electrophorcsis of protein on filter paper," The Lancet, 2:235, 
1951) with vertically suspended Whatman No. 3 paper strips is used. 
Other tanks will do, but owing to the longer distance between the 
protein fractions obtained with the Flynn and de Mayo method, hapto¬ 
globins can be determined with greeter confidence with this method. 

Buffer. A barbiturate-borate buffer is used. The details of prepa¬ 
ration are as follows: 1.85 grams of barbituric add, 10.30 grams 
of barbitone, 4.809 grams of boric add, and 0.888 grams of so¬ 
dium hydroxide are dissolved in two liters of water, and four milli¬ 
meters of non-ionizing detergent are added. With this buffer the cj- 
globulins migrate faster than in the usual barbiturate buffer and are 
well separated from the ^-globulins, which renders the differentiation 
between the different haptogbbins easy. The a,-globulins are lost in 
the albumin fraction, but this is unimportant for die purpose of hapto¬ 
globin determination. The detergent sharpens the bands of the dif¬ 
ferent fractions, but is not otherwise essential. 
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CondUiOfM cf the Rfm. The paper is allowed to soak in the tank 
until the hiuffer is about a centimeter from the edge; 0.04 millimeter 
of serum Is applied to the edge; the lank is dosed and left for about 
an hour and the current is then ssvitched on at 130 volts for 22 hours, 
either in a refrigerator at 5* C. or at room temperature. 

Sftjfrting, After the run the paper strips are dried in an oven at 
105* C., although room temperature will do. The strips are then 
soaked for 10 minutes in a solution of 0.2 gram of baizidine and 
a small crystal of sodium nitropAJSside in 15 millimeters of methanol 
with four drops of glacial acetic acid. This solution is washed off 
with a solution of one volume of 3* hydrogen peroxide, one volume 
of ether and two volumes of methanol, and the. color is then developed 
with this solution for two or three minutes. The paper strips are 
washed in gently running tap water for about half an hour. The blue 
color is permanent. 

The dirtiootioos between the three haptoglobins depend entirely 
upon the distance moved by the particular haptoglobins. For ease of 
fudgoient a known group 2-1 should always be run with the unknown. 

Antiiropometric Recording Blanks 

Printed blanks for the recording of anthropometric, anthropo- 
scople, physiometric, and morphological measurements greatly facili¬ 
tate the proceeses of recording and analysis of data. Typical blanks 
are here reprinted through the courtesy of Dr. J. L. Angel. 

Craniometry 

Why Measure Skulls? 

For several generations physical anthrcpclogists measured skulls 
in the belief that thereby they were likely to obtain results which 
would enable them to trace the relationships between the races of 
mankind. It was believed that the form of the skull in particular 
mair^ed constant in each race, and that di£erent races typically 
showed different cranial indices. Hence, all one had to do was to 
measure skulls, calculate (he indices, and draw the more or less 
“obvious” conclusions. Unfortunately for this rather naive belief 
there are several crucial objections to it In the first place the form 
of the head is now known to be subj^ to change through environ¬ 
mental influences. In (he second place there arc great differences in 
intragroup variability in all measurements and indices among 
ethnic groups of manltind. In the third place closely related groups 
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Figure 215. Tlie thr«e groups of haptoglobins. The group is dotennined by 
the disUnco moved by the haptoglobin. A, ftlbumin; B, haptoglobins; C, 
position of gbbulinsi D, point of application. (Courtesy, Dr. 0, E. Budtz- 

Olsen.) 

and iDdividuals frequently exhibit considerable differences io cranial 
measurements and indices, while more distantly related groups and 
individuals exhibit striking likenesses (see Figures 190 & 192). Finally, 
the cephalic index of a whole group will change in the course of time 
as the trend towards brachycephalixation in man abundantly shows. 
Why then, it may well be askei measure skulls? The answer is: Pre¬ 
cisely in order to obtain this kind of knowledge, and in order to be 
able to give as accurate a description of a skull or group of skulls as 
possible. In addition, in studies of the micro-evolutionary process 
analysis of craniomelric data for neighboring populations or segments 
of the same population may yield valuable results.^* 

u$e* W. s. Uu^lio and J. B. Jorgensen, IsoUte variation in GreetJandic 
EsHmo crania. Acta Geneticc et StaHttiu Madica, 5:3-12, 1250. 
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Figure 216. Recording blanJ: /or anthropometry ond morphology of the living. (Courtesy, Dr. J. L. Angel.) 
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Figure 2L7. Showing the buttresses of the skull and the directions of dirtri< 
biition of the forces transmitted from the lower first through the upper first 

molar tooth. 


The importance of craniometry in the description and aoaJysU of 
the remains of fossil mao and other primates is obvious; in the com¬ 
parative study of the primates it is an indispensable tool, as it is !n 
growth studies of the skull, the growth of the dental apparatus, in 
the study of the character and relationships of individuals and de¬ 
parted populations which are known mainly or solely from their 
cranial remains, in forensic medicine, in the identification of persons 
from their crania, and finally when the genetics of the skull comes to 
be thoroughly studied, as it must, craniometric techniques will be¬ 
come increasingly indispensable. 

Definitions 

Skull In practice this term is commonly used with the following 
two interchangeable meanings, (I) the skeleton of the braincase, face, 
and lower jaw, (2) the skeleton of the braincase and face without die 
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lower jaw. To this double usage there is no objection, though strictly 
speaking the term is by most anthropologists and anatomists defined 
in tbe first sense. 

Cranwm. Used with the same meanings as sHrufl. 

Cflioorium. Tbe skull minus the lower jaw. 

Cdharia. The braincase minus facial bones and the lower jaw. 

Calva Of CaloMe. The skull cap, i.e., the top of the braiacase or 
calvaria minus its base. 

Landmarks 

There has, in the past, been a great superfluity of landmarks on 
die skull, most of which have rarely been used. Only those which are 
in most common use will be defined here. The customary abbrevia' 
tions printed in parentheses. 

Braincose 

1. Glabella (gl). The most promineot point on the middle of 
the frontal bone between the superciliary arches (supraorbital ridges) 
and above the nasofrontal suture. 

2. BregfTui (br). The point of intersection of the coronal and 
sagittal sutures. 

3. Opisthocranion (op). The most distant (posterior) point on 
the skull from the glabella in the niid*^agittal plane, excluding the 
d):temal oedpitaj protuberance or iolon. 

4. Inlon (in). 'Hie base of the external occipital protuberance in 
tbe mid'sagittaJ plane. 



Figure 218. Showing tbe relationship of the nadon to the superior palpebral 

sulcus. 
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5. Opis^hion (o). Tlie median point on the posterior margin o£ 
the occipital foramen. 

6. Bflsion (ba). The median point on the anterior margin of the 
occipital ioramen. 

7. Toiion (po). The highest middle point on the margin of the 
external auditory meatus. 

Facial Skeleton 

8. Ndriofv (na). The itiid-pcnnt of the naso-frontel suture. 

9. NflstMpinnie (ns). The point at which a line tangent to the 
lower margins of the nasal aperture is intersected by the mid*sagittal 
plane. Since the base of the anterior nasal spine usually prevents 
actual instrumental contact with this point, it is usual to take the 
measurement at the level of the nasospinale somewhat to one ride 
and deduct the two or three millimeters from the final measurement. 

10- Trosihion (pr). The most antero-inferior point on the marilla 
between the upper central incisor teeth. 

11. MoxiUofrontal^ (mf). The point of intersection of the anterior 
lacrimal crest with the frontomaxillary suture, 

12. Inffaderxtcle (id). The most antero-superior point on the 
alveolar margin between the lower central incisors on the lower jaw. 

13. Gnofhion (gn). The middle point on the lower border of the 
mandible. 

14. Gcnicm (go). The most lateral external point of jimction of 
the hoTi 2 onta] and ascending rami of the lower jaw. 

15. Ectomolare (ecm). The most lateral point on the outer sur¬ 
face of the alveolar margins, usually opposite the middle of the second 
molar tooth. 

16. Endcmdarg (enm). The most lateral point on the inner sur¬ 
face of the lingual margins of the alveolar processes, usually opposite 
the middle of the lingual surfaces of the second molar teeth. 

17. OrcU (el). The point in the bony palate where the mid- 
sagittal plane bisects a line drawn tangentially to the point of maxi¬ 
mum convexity of the lingual margins of the alveoli for the two 
central incisor teeth. 

General Comment 

It should always be remembered that the best preserved of skuUs 
is a fragile and valuable object. It should therefore always be handled 
with considerable care. There is something about the gaping orbits 
of the skull which seems universally to suggest that it be picked up by 
Introduciiig the thumb in one orbit and several fingers in the o&er. 
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This is invariably fatal to the papyrus-thin bones of the medial orbital 
walls. Hence, all persons bhely to handle skulls must be instructed 
never to handle a skull in ^s manner, and they should be similarly 
instructed never to lift it by the zyiomatic arches. The skull is best 
bandied with one hand at the supratemporal crests or at the occipito¬ 
parietal regions. Teeth are extremely fragile, and the enamel is easily 
cracked and chipped. Loose teeth should be firmly glued into the 
sockets in which (beii roots belong. 

In measuring skulls a moderately soft douglmut shaped pad 
inches thick with an outside diameter 8^ indies, and an internal 
diameter of 3^ inches will be found useful upon which to rest the 
skull in any desired position. A cloth bag 8 by 8 inches or more, 
filled with lice or sand is preferred by many workers. A puncture* 
proof small toy rubber tire, 7x1% inches, forms an excellent rest for 
a skuU.*^ 

Instruments should be frequently checked for accuracy, and each 
measurement should be made in a uniform manner. It is important 
to record the technique used in making each measurement and to 
make tliis record an intrinsic part of the report of these measurements, 
whether the report is intended for publication or not. 

Cranial MeasuremenU 

1. Maximum crOfwdZ Length (Spreading Caliper). From glabella 
to opisthocranion. 

2. Maximum Cranial Breadth (Spreading Caliper). At right 
angles to the mid-sagittal plane wherever maximuro breadth is found, 
above the level of the supramastoid crests or posterior roots of the 
zygomatic arches and the regions below. 

3. Basion-Bregma Heig^ (Spreading Caliper). From basion to 
bregma. 

4. Minimum Frontal Cranial Breadth (Spreading Cabper). Mini¬ 
mum breadth between the temporal crests on the frontal bone, 

5. Maximum Bizygomatic Breadth (Spreading Caliper). The 
greatest breadth between the two zygomatic arches. 

6. Total Cranial Facial Height (Sliding Compass), From gnath- 
ion to nasion. 

7. Upper Cranial Facial Height (SUding Compass). From pros- 
thion to nasion. 

8. Basion-Frostkion Line (Sliding Compass or Spreading Cali¬ 
per). From basion to prosthion. 

9. Hasol Heigh# (Sliding Compass). From nasion to the mean of 


'* The "Clippar” mpplied by R.C.A. Rubber Co.. AJueo, Ohio. 
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.Premoxilla 


Zyqomotic 
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Figure 219. Bwilar view of the skull showing directions in whicJi compres¬ 
sive strains transmitted through the first upper molar (IM) are taken up by 
the zygomatic buttress, while those from the back of the skull pass down 
toward the external occipital protuberance. 


the lowest points on the lower borders of the nasal aperture {the 
subnasaJe) on each side of nasal spine. 

10. Breadth (Sliding Compass). The maximum distance 
between the lateral margins of the nasal aperture perpendicular to the 
mid-sagittal plane. 

11. Upper Srejdfft (Sliding Compass). The distance be¬ 

tween the points of juncture of (he naso-frontal and naso-maxillary 
sutures on the right and left sides. 

12. X^awer Nasal Breadth (Sliding Compass). The distance be- 
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tween the points at which the naso^maxillary suture terminates at the 
nasal aperture on the left and right sides. 

13. Orbiud Breadth (Sliding Compass). Owing to the variability 
in the conformation and orientation of the orbits tliese are conven¬ 
tionally treated as rectangles. The horizontal axis being determined 
by an imaginary line running from maxillofrontale to the middle of 
the lateral orbital border (ectoconchion). Bight and left orbits are 
recorded separately. 

14. Orbital Height (Sliding Compass). The maximum height 
from the upper to the lower orbital borders perpendicular to the 
hori 2 ontal axis of the orbit. 

15. Interorbital Breadth (Sliding Compass). The distance be¬ 
tween the right and left maxillofrontale. 

16. Bl’Orhital Breadth (Sliding Compass). From the middle of 
one lateral orbital border (ectoconchion) to the other. 

17. Moxillo-Alvechr Length (Sliding Compass). From prosthion 
to the points of bisection of a line tangent to the posterior terminal 
borders of the alveolar processes (maxillary tuberosities). 

1$. MaxlUO'Alveolar Breadth (Sliding Compass). Maximum dis¬ 
tance from one external lateral alveolar border to the other, usually 
opposite the second molar teeth. (ectomolare). 

19. Mean Diameter of Foramen Magnum (Sliding Compass). 
Maximum length from basion to opisthion, and maximum transverse 
diameter. 

20. Bi^ondylar Width (Sliding Compass). Distance between 
the most external points on the condyles of the lower jaw. 

21. Symphyseal Height (Sliding Compass). Distance between 
gnathion and infradentale. 

22. Bigonial Diameter (Sliding Compass). Distance between 
right and left gonion points. 

23. Height of Ascending Left Mandibular Bamue (Measuring 
Board or Sliding Compass). Usually taken with a specially designed 
binged measuring board ftom which the height of the lamus may be 
read directly from the base of the ramus to the highest point on the 
left condyle. In the absence of a measuring board, from left gonion 
to the highest point on the left condyle. 

24. Minimum Breadth of Left Ascending Mandibular Ramus 
(Sliding Compass), Least toanoe between the anterior and pos¬ 
terior borders of the left ramus perpendicular to its height. 

23. Maximum Cranial Circumference (Steel Tape). Above the 
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level of tl»e brow ridges arouod the most distant projection 
occiput to the zero point anteriorly. 

26. Transverse Cranial Arc (Steel Tape). Prom left ponon 


of (lie 
across 


bresna to right porion. _ . , .11 

27. The FrefAluft HoHumid (FH) Phme. The horizontal plane 

of the skull determined by the right and left ponon and the 
point on the inferior margin of, preferably, the left orbit (orbiUle). 
The skull is usually oriented in this plane when measurements taken 
in a coastanl plane are to be made, or when craniograms, photo¬ 
graphs or other illustrations are to be made for comparative or lUus- 


trative purposes. , 

28. Auricular Height. This important measurement may be taken 
with Todd’s Head Spanner or the Western Reserve Craniostat. Both 
instruments are provided with a simple device for ^erminmg the 
Frankfurt Horizontal plane. Measuremeots are read directly. Ranke s 
or Mollison’s craniophor require the determination of bi-ponomc 
breadth and the distance of each ponon from the bregma. The vertical 
section of the triangle thus formed yields auricular height. 

29. Cranial Capacity. Cranial capacity has been measured in a 
variety of ways and the results obtained are not always strictly com¬ 
parable, hence it is extremely important to know when comparing 
figures for cranial capacity obtained from the literature what method 
was used. The most usual procedure is to fill the aanial cavity with 
some material which will easily conform to the internal ineguJanties 
and spaces of the braincase. Mustard seed or small shot is frequently 
used the material being thoroughly distributed by agitating the skull 
either in one’s hands or in an apparatus specially devised for the pur¬ 
pose. When the sWuU is securely fiUed the contents are then poured 
into a cubic centimeter measuring glass which is then agitated until 
it is thoroughly packed and the reading taken directly. Alternatively 
the mustard seed may be weighed and multiplied by a factor to give 
volume. Methods such as this avoid the possibility of error when the 
measuring glass is used. Formulae which give satisfactory results 
have been worked out by different investigators for several groups. 
The best of these formulae for determining cranial capacity are the 
following, where L is cranial length, H is auricular hei^t, H’ basion- 
bregmatic height, and B cranial breadth. L is multiplied by B, and 
the product multiplied by H or H': 


Femal© Captdty .000375 X LBH + 298.40 

AU Akw: Male Capacity .000305 X LBH - 359.34 (Peaisro) 

Negroids: Capacity .0003S49 X LBH 4- 96 = 65/VN (IsswUs) 
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Au^loids: Capacity .(»02«3 X LBH' + 404,9 ± 3S.1/VN (von Bonin) 
Caucasoidg: Cap^^ty .000366 x LBH + 198,9 (Hooke 


CnniometHc lndice» 


30. The Cranial Index 


Dolichooraniv 

Mesocraruo 

Bracbycnmic 

Hyperbrochycranic 


Max Breadth X 100 
Me*. Length 
X-74.9 
75.0—79.9 
80 , 0-^,9 
S5.0-^9.9 


31. 


Cranial Len^h^Height Index 


Ounttaevranic 

Orthocranic 

Hypstcranlc 


Banon.Bregioa Heiglit X 100 
Max. Length 
X—69.9 
70X^-749 
75.0—X 


31 


Cranial Breadih-Height Index 


Tapeinocranic 

Metriocranic 

Acrocranic 


BAsion.Bregma Hdght X 100 
Max. Breadth 

X—91.9 

92 / 1 ^ 07.9 

98.0—X 


33. Total Facial Index 


Kypcreuryprosopic 

Etiryprosoplc 

Mesepmsoplc 

L<ptopr(i$epic 

HyperleptopioropTc 


Nasioo^nathioA Height X 100 

Bizygomatic Breadth 
X—79.9 
80.0—84.9 
85.0—89.9 
90.0—M.9 
950—X 


34. Upper Facial Index 


Hypcreuryeae 

Suryene 

Meiese 

L^tene 

Kyperkpteoe 


Najion>Pro8thion Height X 190 

Bfrygomatic Breadth 
X—44.9 
45.0-^9.9 
50.0—54.9 
55.0—59.9 
60.0—X 


^ For further detiiU see Hambly. W. D.: Cnnial capaciQes. A study In MetLodi, 
Fi^iand AnthroTvIcgi/ (Chicago Natural History Museum), 81S5-75. 1947. 
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Nasal Index 

Max. Nasid Bread* of Na^al Apcttvro X 100 


LapMrrhinc 
Mesorthlne 
Chare aerrhino 
Hyperchainacrriunc 


NasioivNasoipinale Height 

X—46.9 

47.0—50.9 
S1.0_CT.9 
58.0—X 


36. Orbital Iruiex 


Chamaecooeh 

Masoconch 

Hy^eoQch 

37. Palatal Index 


Leploslaphylina 

Meiostaphyline 

BrechyataphyUne 


Max. Orbita] Bread* X 100 
Max. Orbital LcDgth 
X-75.9 
76J|_84.9 
85.0—X 


Max. Palatal Bread* X 100 
Mac. Palatal Laogth 
X-TO.O 
80.0—34.9 
85.0—X 


38. Maxilh-Alveolar Index 


DolicKumoc 

Mesurenic 

Brachyuranlc 


Bt-Ecloinolare Breadth X 100 
MasIl^AlveoIar Length 

X—109.9 
110.0—114.9 

115.0—X 


Estunating of Skull 

During the process of growth and development the skull shows, 
within broad limits, certain relatively constant changes which may 
be used as criteria of age. Since there is an appreciable amount of 
variability both in the order and time of eruption of the teeth, these 
features must be utilized with caution in the aging of a skull up to 
the age of 25 years. 


Approximaie Age of Tooth Eruption 


Deciduofu or MtPt ZTenMHon 
Lower Central Indson 
Upper Incisors 
Lower Laleral Jnelsors 
Pint Molars 


5 to 12 moDths 

6 (o 14 mouths 
8 to so months 

13 10 so months 
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O-ariiruve 

13 to 30 months 

Second Molars 

18 to 38 months 

Femonent Dentition 

FIrrt Molars 

8th ye&r 

Central Incisors 

7th year 

Lateral Incisors 

8th year 

First Fremolars 

9Ui year 

Second Fremolftrs 

lOthyear 

Canines 

11 th to 12th year 

Second Molars 

12th to 13th year 

Third Molars 

L7th to 25tb year 


The deciduous or milk teeth number 20 and the deciduoui dental 
formula U swrillen in minuscule letters i%, c\{. m% (incisors 2. 
canines 1, molars 2, on each side and in each jaw), It is to be noted 
that no premolars are present in the deciduous dentition. The formula 
for the permanent dentition is written in capital letters 1%, C 
PM%, MH. 

The closure or obliteration of the sutures on the external surfaces 
of the skull GoosHtutes another fairl/ useful means of aging the skull. 
The standards for estimating age of the skuH from suture closure have 
been worked out principally by Todd and Lyon on whites and 
Negroes in whom the pattern and time of closure appears to be much 
the same.^* The variability m the closure of most of these sutures is, 
however, so great that too great reliance should not be based on this 
form of aging the skull. 

The medio-frontal suture through which sutural junction between 
the two hemi'frontal bonea is established in die infant skull usually 
commences to obliterate at the level of the frontal eminences during 
the latter half of the first year. The process of obUteration proceeds 
towards the bregma, and by the conclusion of the second year the 
greater part of the suture is obliterated. A small supra nasal portion 
remains unobliterated till the sixth year, though remnants of this may 
persist into adult life. The whole inedio*frontal suture remains un* 
obliterated in about per cent of Caucasoids, 1,2 per cent of Ne¬ 
groids, and in less than 1,0 per cent of Australoids. When the medio- 
frontal suture remains unobliterated after its normal period of closure 
it L$ known as the metopic suture, and the conditiOD it thus consti* 
tutes is called metopism, Metopism is sometimes a familial trait, and 
by the unwary is occasionally mistaken as evidence of a fracture 

’"Todd, T. W. and Lyoa, D. W,: Eclocranisl closure ia adult m&les of white 
stexk. Am. I Fhv9. AathropoL. S;2d-46i 47-71; M9-168. 7.<325-384, 1935. 
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Figure Development of the human dentition. (Courtesy, Drs. I. 
Schout and M. M«sler and ihe American Dental Association.) 
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The seven unossified areas in the membrane between the bones 
known as fontanelles undergo closure in the following order: 

Sagittal: (Situated at the obelion) At birth or before the fourth 
month. 

Posterior: (Situated at apex of occipital bone) Two months after 
birth. 

Antero-Laterah (Paired. At pterion) Three months after birth. 



Figure 221. Suture closure of the skglJ. The superior figures iDdicate the age 
at which the portion of the suture commences to obliterate, the mfericr fig¬ 
ures the age at which oblileratioo is completed. The * indicates that the 
suture never oompleiely closes. The figures on the upper teeth give the usual 
ages in years of the eruption of each permanent tooth. Owing to the great 
vajubility involved these figures must be used with caution. 
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TABLE LVn 

StiTUBB CtoeuB* jn Mai« 



CottTUiewfmvU 

Tannana- 

fTertfroi Rale 


and Cavrto 

tww or 
Peak 

SagitUl (•) 
Spheno-tronul, teBcr 

22 

22 

^Slow 

85 

54 

eloxraat 81 ai S.6 
^W9 at 30 at 3.0 
final burst of activity. 

Spheno-ironUl, graater 

22l 

jto 26 


alou'S at 80 at 3-0 

Anal btirst of activltv 

Coronal (c) 1 and 2 

24I 


36 

dowaat29 8td.4 

Coronal 3 

LacaMoid (L) 1 and 2 
LAmbdokl 3 
Maatc-^dpital 8 

26' 

261 

261 

26] 

[rapid 
it4> ca. 30 

1 

41 

42 

47 

72 

alow^ at 20 at 2.1 
alows at 81 at 8.4 
alowa at 30 at 2.2 

32-43 at 3.2, alow progresB 
thareafUr 

Spheno-parietal 

ed 


65 

22-46 at 30 

alow progress thereafter, 
at 3.9 gradueJ progress 
at 2,4 31-62 at 0.5 
buret of activity at 53 

Sphe&o-t«mporal 2 
SpherKKtemponl 1 

30' 

8) 

slow at 
enec 

67 

67 

Maato-ocdptal 1 and 2 

30 


31 

32-45 at 1.25 

aeimty between 46 and 64. 

Faricto-maatoid 1 and 2 

37 

alnioat 

31 

alnioet inactive till 50 
alow orocrcea thereafter 

Squamous posterior 

37 

inactive 
lilt 62 

31 

burst of activity at 63 

Urr** of lortvitv at 79 

Squamous anterior 

37 

31 

at 3.2 bujvt of activlw at 63 
buret of activity at 79 


« StTr?tot 

Md 4 (O' Ma^l«l« furun eJowr*. ib yMi«> 


Postepo-Laleral: (Paired. At posterior-inferior angle of parietal 
tone) End of the first year. 

Bregmatic: (Situated at Wegrtia) During the second year. 

During the second year the halves of the mandible unite at Ae 
symphysis, and the mastoid process appears. 

At birth the occipital bone consists of four parts: an upper or 
squamous portion, two lateral portions, and a basilar part. The squama 
unites with the lateral parts between the third and fifth years; the 
lateral parb with the basi-ocdpital during the fourth or fifth years. 
The basi-ocxapital is united to the basi-sphenoid by a strip of cartilage. 
The area it occupies is known as the basilar suture. This undergoes 
obliteration between the age of 18 and 25 years. 

External or ectocranial suture closure exhibits much variability, 
but taken together with other features of the skull it provides a useful 
additional means of arriving at an age estimate of the skull. In Figure 
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221 the age at which various parts of the cranial sutures cotnuience 
to obliterate and tlie course and direction of the obliterative process 

is also shown. , , 

In old age the skull bones are usually somewhat thmner, and tiw 
sVuU tends to be appreciably lighter and more fra&le owing to the 
absorption of spongious bone and the associated extension and en* 

largement of the sinuses. . 

The state of closure of the following ectocranial sutures yield a 

rough assessment of age. 

I. Vault sutures 

1. Coronal (bregmatic, complicated, and pteric portions) 

2. Sagittal (bregmatic, vertex, obelion, and lambdoid portioos) 

3. Lambdoid (lambdoid, medial, and asterionic portions) 

II. Circum-meatul sutures 

1. Squamous (anterior and posterior parts) 

2. Parieto-mastoid (superior and inferior parts) 

3. MastOHiccipital (posterior, middle, and anterior parts) 

4. SphenO'temporal 

5. Spheno-frontal (greater and lesser wings) 

Sutures on the exterior of the skull (ectocranial sutures) will not 
alone serve to give a reliable estimate of age. Sutures od the inner 
surface (endocranial) of the skull tend to incomplete closure, such 
inoomplete closure is known as lapsed union. Suture closure is scored 
as 0 when there is oo union, 1 when one-fourth of die suture has 
closed, 2 when one-half has closed, 3 when three-fourths of the suture 
is closed, and 4 when the suture is completely closed. There are no 
significant ethnic group or race differences in suture closure, though 
in prehistoric representatives of man the endocranial sutures tended 
to undergo closure at an earlier age. 

A good Rile to remember is that closure begins in S {sagittal) at 
22 years, C (coronal) 24 years, L (lambdoid) 28 years; closure ends 
S 35 years, C 42 years, L 47 years. It is also well to remember that 
aging a skuU by means of suture closure alone is a hazardous pro¬ 
cedure, one may be as much as 20 years off in certain cases! Usually 
one can get wiAin six years of actual age. Wherever feasible as many 
other characteristics as possible should be used in arriving at an 
estimate of age. 
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The Sex of the Skull 

It is DOt possible with any degree of reliability to determine the 
sex of the shill until after puberty. In general the female skull is 
smaller and lighter than the male skull. It presents a more infantile 
appearance, the bones are smoother, mote gradle, and more deli¬ 
cately fashioned. The supraorbital and temporal ridges are little if 
at all developed, the mastoid processes are small and the supra- 
mastoid crests scarcely developed, while the occipital muscle mark¬ 
ings are weakly developed. The facial skeleton, teeth, mandible, 
zygomatic arches and cheekbones are smaller and more delicate, and 
the margins of the orbits are sharper in the female.” 

Cranial Recording Bbnlta 

Recording blanks for registering measurements and observations 
made on the skull will be found indispensable. A typical blank of 
this sort is reprinted here through the courtesy of Dr. J. L. Angel. 

Cephalic and Cranial Deformation 

Distorted or defonned crania are due to: 

1. Synostotto deformation: consequent upon irreguJaiities of cra¬ 
nial development, accompanied by precocious union of the cranial 
bones. 

2. Artificial deformaHon: consequent upon pressure or compres¬ 
sion applied during infancy. 

3. Fathologkal deformation: the result of disease. 

4. Posthumoue deformation: consequent upon pressure exerted 
by the soil surrounding a skull. 

The deformations considered: 

1. Synostotic deformation. Synostosis of the cranial sutures may 
be either precocious or retarded. In premature synostosis, some devi¬ 
ation from the normal cranial foitn is very common, and a general rule 
(formulated by Rudolf Virchow) is that premature synostosis is fol¬ 
lowed by restricted growth in a direction perpendicular to that of the 
synostosed suture. Thus, if a longitudinally directed suture be closed 
by premature synostosis, the skull-growth in the transverse or coronal 
direction will be checked. Should the coronal suture or other trans¬ 
it for the most recent study see Keen, J. A.: A study «t the differences between 
male and female ikulb. Am. J. Phys. Anthropol, S4. &d5-7g, 1950. 
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versely directed sutuie be obliterated, restriction of growth in the 
sagittal direction will ensue. 

Forms of synostotic deformation 

A. Scaphocephaly: Probably the commonest deformation associ¬ 
ated with premature synostosis. There may be an appearance of an¬ 
nular constriction, and die specimens are always dolicbocephaUc, the 
narrowness being due to restricted growth transversely, in accordance 
with the law formulated above, following upon closure of die sagittal 
suture. 

B. Klinocephaly: M^en the fore part of the sagittal suture Is 
closed prematurely and at the same time the parleto-spbenoidal suture 
undergoes synostosis, tlie growth of die skull is arrested locally, at the 
sides and the top; this results io the production of a depression en- 
circHng (he skull as though a band bad been tightly applied. 

C. Trigonocapha^/: When the medio-frontal or metopfe suture 
closes prematurely, localized arrest of transverse growth may fol¬ 
low; the ^ntal region will then remain narrow and stunted in growth, 
while the posterior parts of the cranium expand normally. The result 
is the production of a skull which, viewed from above, presents a 
perked or rostrated appearance, which has been described as tri¬ 
angular or trigonocephalic. 

D. Plagiocephaly: The skull is asymmetrical. In typical cases 
there is closure of the coronal suture at a premature stage. The arrest 
in growth is then unilateral and the skull becomes Rattened on one 
side, while in compensation the opposite side projects. Slight degrees 
of deformation of this kind may possibly be produced in childhood, 
If the infant lies habituaHy on one side rather dran on the other. 

E. Aorocephaly: The bones of the cranial vault are upraised, so 
that the height of the skull is much increased. These crania are usually 
very bracbycephalic, and the coronal suture is often closed, while 
part of the sagittal sutitre near the bregma, and the basilar (basi- 
occipical) sutuie may partake in the synostotic processes. 

ArtiRcial Deformations 

2q artificjol deformation of the head pressure is arti£cially applied 
in various ways and to various regions of the bead.^^ The pressure may 
be: 

I. FrontaL Exercised by means of a board or other object against 
the forehead. 

^ A useful work H £. J. Dingwall, Ajtifielal Cranvl Deformation. Londeo, John 
Bale, Sons & Denieksou, Ltd., 1991. 



Figure ££4. Types of crtmial deformaKon. 
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II. Pronio-Occipital (Flat-head): Produced by means of pressure 
at the front and back of the head. There are bi-lobed and tri- 
lobed varieties, in which a rod is substituted for a flat surface, 
thus indenting the young head to which it is applied. 

HI. Annular (Ayroara): Produced by tightly tying a bandage 
around the head. 

IV, Occipital Pressure applied to the back ctf the head. 

V- Ploff^cephaUc: The compression is unequally exerted and the 
deformation is asymmetrical. 

Vr. Thtybasia: The deformation in wJiich the basis cranii appears 
to be thru£t up into the cranial cavity. 

Artificial cranial deformation does not afiect the functioning of 
the brain in any way. 

Pathological Deformation 

I, Hydrocephalus: Excessive and even expansion of the constitu¬ 
ents of the cranial walls. The sutures become separated as a 
result of the expansion leaving gaps which are rapidly filled by 
the formation of wormian bones, of which many scores may be 
present. The ventricles of the brain, and sometimes the sub¬ 
arachnoid spaces, are distended with fluid. The varieties of 
hydrocephalus have been classified according to the causes of 
the accumulation of the fluid. 

II- Microcephalus: Premature arrest of the growth of the skull by 
early synostosis or union at sutures, with resulting diminutive 
size of skull. 

III. Rachitis {or Rickets): Tl>e frontal bone is unusually prominent 
in its upper portion, 

IV. Sit^le-Cell Anemia: This disorder is associated with a remark¬ 
able bossing of the frontal bones. 

V. Other bone diseases producing characteristic defonoations are 
arthritis, acromegaly, congenital syphilis, Jeontiasis ossia, osteo¬ 
malacia, Paget's disease, spondyhtis deformans, and tubercu¬ 
losis, being perhaps among the most important. 

Postcranial Osteometry 

The purposes for which the postcranial skeleton may be measured 
are varied. But whatever the purpose, measurements should always 
be adapted to throw the maamurn light upon the problem under in¬ 
vestigation. The investigator should always know tchy be is making 
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Figure 2S5. The Human skeleton (anterior view). (From Appleton et aX. 
Courtwy, Williams & Wilklos.) 
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a particular meosuremcoL Well constructed measureinents can help 
to solve difficult problems. 

Instruments. la addition to the insCroments already described^ 
larger versions of the sliding compass and spreading calipers axe 
used, and the anthropometer sometimes used to serve the purposes 
of both, that is, as a rod compass and as a sliding caliper or pelvi¬ 
meter- For the measurement of long bones an osleometnc board is 
commonly used. The ostecnnetric hoard is a Bat, seasoned block of 
wood, some 23 inches long by 12 inches wide, and about one inch 
thick. Firmly and immovably attached to one end at an exact right 
angle is a wooden upright of some 8 inches. Inlaid or attached 
metric scales run the length of the board (preferably one on each 
side and one down the middle of the board). A free X/-shaped wooden 
upright completes the instrument, To measure, one end of the bone 
is placed against the fixed upright and the movable upright against 
the other, so that the bone is enclosed between the two uprigbia The 
length is then read off the Scale at the edge of the movable upright 
A satisfactory osteometric board can easily be made by using a 50 cm. 
square sheet of graduated millimeter graph paper. 

Meosttrements 

Upper Extremity and Scapuhi 

Humerus Radius and Ulna 

1. Maximum length {osteometric board): Between the most 
proxixnal and most distal points, the bone being held parallel to the 
long axis of the board. 

2. Maximum diameter of head (sliding compass). 

3. Anteroposterior middle shaft diameter (sliding compass): At 
middle of shaft. 

4. Medio-lateral middle shj/t diameter (sliding compass): At 
middle of shaft. 

5. Maxinmm mediolaieral distal diameter (sliding compass): At 
the epiphyseal end of the bone immediately above its associated 
processes. 

Maximum Length Radius X 

8. Radio-Humeral index • 

Maximum Length Humerus 

Scapula 

7. Morphological breadth (sliding compass): From the highest 
point of the superior angle to the lowest point of the inferior angle. 

8. Morphological length (spreading calipers): From the middle 
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of the glenoid fosse to the point on the vertebiel border midway be- 
tween the two ridges terminating the scaptdar spine; tins point is 

here called the vertebrion. , 

9. Breadth of infraspinous fossa (sLdmg compass): From the 

inferior ancle to the vertebrion- , -o . 

10 Breadth of suprasinoue fossa (sliding compass)! From the 

superior angle to the vertebrion. X 100 

Morphological Breadth 
Breadth of infraspinous fossa X 


11. Scapular Index 


12a. Infraspinous Index 
12b- Supraspinous Index 


Morphological Length 
Breadth of suprasp ipous fossa X 
Morphological Length 


Ohservatiom 

Form of vertebral border, from superior angle: Convex, straight, 
concave, or any combination of these. 

Scapular notch Absent, slight, medium, deep, foramen. 

Age changes: Lipping of margins of glenoid fowa, atrophic 
patches or rarefaction of scapular fossae. 

Lotiwr Extremity atid Pelvie 

Femur 

13. Maximutn length: Between the internal condyle and the head. 
To find this measurement it is necessary to move the bone slightly up 
and down and from side to side between the two uprights. 

14. Bicondylar length; The two condyles rest up against the fixed 
upright and the moveable upright is brought against the femoral 
head, so that the whole femur rests naturally between the two up¬ 
rights. 

15. Maximum diameter of head (sliding compass). 

16. Subtrochanteric antero-posterior diameter (sliding compass); 
Immediately bebw the lesser trochanter in the sagittal plane- 

17. SuhtTochanteric medio-lateral diameter (sliding compass): 
From the medial to the lateral surfaces at the level of the preceding 
measurements. 

Antero-posterior diameter X 

18. Platymeric Index - .. , -t-t-—- 

Medio-lateral diameter 

Hyperplatymerio ^ 
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654}—99.9 
lOO.O-X 


Platyuieric 
EuT^merlc 
St«aom«iic 

The platymeric index may reflect and thus indicate differences in 
ethnic, occupational, pathological conditions, and also in such habits 
as sitting and squatting. 
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Figure 227. SJ:eleton of the leg. (On left) anterior aspect with bones of 
foot removed except talus and calcaneum; (on right) posterior aspect. 
(From Appleton ef nl. Courtesy, WjllJams fie Wilkins.) 
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Figure £28. Skeleton of foot Medial aspect. (From Applelon et cL Cour¬ 
tesy, Williams & Wilkins.) 


19. Antero-posterior diavicter p/ mUJdh of shaft (slidiDg com- 
pass). 

20. Medio-lateml diamcttr of middle of shaft (sliding compass): 
At same level as preceding. 

Pilastric Index 

Antero<pos(eiior diameler of middle of shaft X llHl 
Medl>la(eral diameter of middle of shaft 

Angles 

21. CoVo-diophyseal angle (prolactor): The angle made hy the 
axis of the head and neck with that of the shaft. 

22. Angle of torsion (protractor): The angle of the axis of tfie 
head projected upon the axis of the posterior surface of the condyles. 


23. Maximum length (osteometric board): The bone resting on 
its dc«sal surface with the medjal malleolus resting against the fixed 
upright. The movable upright is brought into contact with the antero- 
superior surface of the lateral condyle. The tibia must be parallel to 
the long axis of the board. 

24. Antero-pcsterior diameter middle of shaft (sliding compass). 

25. Medio-lateral diameter of middle of shaft (sliding compass). 
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26. ArUero-posterior nutrient foramen diameter (sliding com¬ 


pass): Diameter of shaft at level of nutrient foramen. 

£7. MediChlaterol nutrient foramen diameter (sliding compass). 


26. Platycnemic Index 

Hypepl&tycDcauc 

Platycnemic 

Mcsocnemic 

Eurycnemic 


Medio<lateraJ nutrient diameter X 100 
AnterChposterior nutrient diameter 

55.0—62.9 

93.0—69.6 

70.0—X 


Oheercations 

Lateral condyle: Concave or convex. 

S{juatting facets: Note whether there are any extensions of ^e 
inferior articular surface above the anterior bp or medially at the 
distal end of tibia. 


Vertebrae 

29. Anterior height of centrum (sbding compass): From the 
middle of the antero-superior lip to the middle of fhe antero-inferior 
bp of the body. 

30. Posterior height of centrum (sbding compass): From the 
middle of the postero-superior border to the middle of the postero* 
inferior border of the body. 


Pelvis and Sacrum 

31. Maximum pelvic height (rod compass): From the highest 
point on the iHac aest to the lowest point on the ischial tuberosity. 

32. Maximum pelvic or cristal breadth (rod compass): Greatest 
diameter between the external lips of the right and left iliac crests. 

S3. Prfofc B,^d,h.Height index >< 

Maximum pelvic breadth 

34. Znterspinous diameter (sbding compass): The maximum 
diameter between the antero-lateral margins of the antero-superior 
iliac spines. 

35. External Conjugate diameter (pelvimeter): From the inferior 
tip of the 5th lumbar spine to the antero-inferior margin of the pubic 
symphysis. 

36. Diagonal conjugate diameter (pelvimeter); die mid- 

sagittal point on the antero-superior margin of the sacral promontory 
to the postero-iuferior margin of the pubic symphysis. 

37. NornuU conjugate diameter (sbding compass): From the 
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postcro-superior margm of the symphysi? pubis to the deepest point 
of the third sacral vertebra. 

38. Sagittal diameter of peJvnc InJet {sliding compass): From the 
posteto-superior border of the pubic symphysis to the center of the 
sacral promontory- 

39. Transcerse diameter of pelvic inlet (sliding compass): Maxi¬ 
mum diameter between arcuate lines. 


40. Pelvic Inlet Index 

Flatypcilic 

MessUpellic 

DoHchopelUc 


Sagittal diameter of pel vic inlet X 100 

Transverse diameter of pelvic inlet 
X-39.9 
90.0—94.9 
95.0—X 


In a Study, by roentgen pelvimetry of 686 living white women, 
and 107 girls from five to 15 years of age, Greulich and Thoms found 
the following distribution of pelvic inlet indices; 


532 prifDlpuous clinic womea 
(lower sodc'cconomic classes) 
104 suHiparous srudent nurses 
(Ugbec socio-eecnoiruc classes) 
107 chUdren 


Plntif- 

Mcsatf- 

Dolj- 

ptBle 

pellU 

ehopeVse 

pfT cent 

percent 

per cent 

35.8 

27.5 

37,3 

13.5 

135 

73.0 

3.4 

35.2 

82.2 


Of the 686 women studied 68,1 per cent had a pelvic inlet index 
of 90 or more. Only 31.9 per cent were of the platypellic type which 
the textbooks generally describe as typical. 

In 69 male medical students at Yale the same authors found the 
pelvic inlet index to vary between 77,0 to 121.0, with an average 
index of 100.5. The frequencies were 7.2 per cent platypellic, 14.5 
meeatipellic, and 78.2 dolichopelUc. 

41. Inferior anlero-posterior diameter (sliding compass); From 
the postero*inferior border of the pubic symphysis to the postero- 
inferior border of the sacrum. 

42. Distance between ischial spines (sliding compass): Minimum. 

43. Iniertuberous diameter (shding compass): Minimum di¬ 
ameter between the poslero-medial margins of the ischial tuberosities. 

44. True pelvic height (sliding compass): From the lowest point 
on the medial margin of the isdiial tuberosity to the arcuate line 
anterior to ileopectineal eminence. 
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Sacrum 

45 Anierior sacral length (sliding compass); From the middle of 
sacral promontory to the middle of the antero-inferior margin of the 
last sacral vertebra. 



Figure 229. Sample genetic pedigree chart (From Ashley Montagu, 
Courtesy. World Publishing Co.) 
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46- Anterior Mcrol breadth (sUding compsss): At junction with 


srcuate lines. 

47. Ltfigth-Sreadth Sacral Ind$x 

OoUehotueric 

Svbplaryhienc 

Platyhleflc 


Anterior sacral breadth X 

Anterior sacral length 
X- 99.9 
lOOJ)—105.9 
106.0—X 


Seiufll ChQraoter$ of the PelvU 

It is possible to determine the sex of the skeleton in a large per* 
centage of cases from the characters of the pelvis. Variability is, 
however, very considerable. Each sex may exhibit the typical pelvic 
characters of the opposite sex. One can, therefore, never be quite 
certain that sex has been accurately determined from the characters 
of the pelvis. Below is given a list of 21 characters in which the 
female pelvis and sacrum generally differs from that of the male. 



In 

the 

Pthic Characters 

FemaU 

Cilstal brndtb 

Less 

Iliac crest 

Leas rugged 

Tubercles of ilUc crest 

Much less marked 

Anterior and posterior slopes iUsc crest 

Less steep 

Iliac blades or bones 

More vertical 

lUac part of ileopectineal line 

Greater 

Sagittal diameter of pelvic islet 

Greater 

Transverse diameter of pelvic inlet 

Greater 

Symphysis pubis 

Broader aod lower 

Symphyseal height 

Less 

Ischial portfon of pubic bone 

Lipped outward, coasWoted 

just below symphysis 

Subpubic angle 

Greater 

Intertuberous breadth 

Greater 

Acetabulum 

Lighter 

Diameter between Ischial spines 

Greater 

Greater sciatic notch 

Broader artd more shallow 

PreauiicuUr sulci or grooves 

PreSBSt and well developed 

Sacrum 

Broader and shorter 

Sacral curve 

Loss 

Lower portion of sacrum 

Bent beclcward aod upward 

Washburn has devised an ischium-pubis 

index which will accu- 


rately sex, according to him. over 90S of skeletons. Length of 
ischium is measured from the point at which ischium, pubic, 
and ilium meet in the acetabulum. In the adult this point can be 
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approximately identified because: (1) there is often an irregularity 
present both in acetabulum and inside the pelvis, (2) holding the 
bone up to a light will reveal a change in thickness, and (3) there is 
frequently a notch in the border of the articular surface of the acetab¬ 
ulum. In making measuremeots hold calipers parallel to long axis of 
each bone. It Is, of course, understood that sexing will be carried out 
on skeletons belonging to a single division of mankind. The pubic 
bone is absolutely and relatively larger in females than in males. 

Pubis Length X 100 ^ bchium-Pubis Index 
Ischium Length 

The ischium-pubis index averages 15* higher in females than in 
males. The mean index in white males was found to be 83.6 (range 
73-94) ± 4.0, for white females 99.5 (range 91-115) ± 5.1. In Negro 
males the comparable figures were 79.9 (range 71-68) ± 4.0, and in 
Negro females 95-0 (range 84-106) s 4.6. Only 5 white males were 
found to fall within the range of female variation. More overlapping 
occurs among Negroes, probably due to ethnic mixture. 

Pedicbses Foa Gbnstic Studies 

Figure 229 shows a sample pedigree chart together with an expla¬ 
nation of the symbols. For the traits listed any others may be substi¬ 
tuted at the convenience of the investigator. 

WORKS ON ANTHROPOMETRY AND ANTHROPOSCOPY 

Baoes, a. M-: Ideotiilcsiticn of skeletal remains. /. CfWn. Crfminoi. if Poflee 
5c^.. 46.'S51-5e3, 1958. 

A good general discussion. 

CABJi, S. M.t The measur«Tient of sJin lonperature. Am. ]. Phyr. Anrtropw., ud., 
J2;l-4> 1954. 

A review and practically orienled discussion of the r*ecessfly and leeson tor 
(aldng slda temperature lo anthiopometric studies. 

_and Shamib, Z-: Uethods for In Humcn CrouJtA. Springfiald, 

Thomas, 1958. 

A useful work oriented lo studies and growth. 

GavaW. J. A., WaSHSTON, S. L. and Lewis, P. H.: PhWography: an anthropometric 
tool. Am. J. fht/s. Anthropol. d.S.. l0;53l-353, 1952. 

A method of taklog standardised photographs of lh« human body, from which 
accurate aDthropometric m^surements may be secured. 

CoDvew M.; Sur la oorUhide de (Utenniuatioii du sere d'apris le fimur, 1« 
cublros, el Ihumfris. SvU. at M4m de la Soc. d Anthmp. Porif. 8.'405-4l0. 

1957. , . 

A valuable analysts of oietbcds of delamiMDg sex from ihe long bones. 
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Figure 230. Ncanognmi for determining cephidic index. A straight line pass¬ 
ing from the measurement for head breadth to the measurement for head 
length will yield the correct reading for cephalic index In the middle column. 
(From the yearbook of Ph|;tficof Anthropology for 1949. Courtesy, Dr. G- 
W. Lasker and the Wenner-Gren Foundation for Anthropological Research, 

New York.) 




Figure 231. Nomogram for estimating surface area from height and body 
weight. (Surface area, Sq. Cm. = X X ?h84). The 

subject^* surface area is found by drawing a straight lice between the 
point representing his weight and the point represeuting his height. (From 
J. D. Crawford et al. Courtesy, Pediairfcs.) 
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GWCH«S*X, R: The de.e™i»Ue:. =1 body HgK 

of mcwuccments w U obUined from photogtAphs of jublectt In celai 

metry u an aatbropometric tool. PhotogrmmOrtc Bn^oecnng. 23Mi-^ . 

A method of measuring body cootcmra in tiiree dimension from photograph to 

H T E (editor): Aonotatod bibliograpI>y of applied pMcal 
h^an enginUlog. Aeto Medical Laboratory. Wright-PaUer- 

son Air Force Base, OWo, 1958, 301 pp. , o .v «nH 

A most valuable eompeadiom of the reavdto of appLed aalhropometiy and 

ElemenUiy Aalhropometry, to Vt> From the Apr. and ediHon. 

New York, Macmillan, 1946, p, 715-760. l i ..wl >hp 

An eaeelleni Introduction to general anUiropomehy on the skeleton and the 

FracHool AtOhrepcm^, 4lh edition (edited by T, D. Stewart). 
Philadelphia, Wlstar Inst., 1057. 

Especially useful as a rrlerence book to the dedaoos fJ . 
&oo^rAN, W. M.: A Handbook of the Measiuen.ent and 

and Weight to *e Crowing Child. Uonogrephs of the Socrrtv for Research tn 

Chtid Deoclopment. 8:1-68, 1950. . kmv 

A simply written work lelHng how to measure, what errors to «vold, aM ^ 
to pill hdght and weight together in the form of an index, on a growth chart, or 

cm the Wetael Grid. , « , , d 

Martin, R.: Lehrboch Def Anfhropotogi#. 2od edtoon, 3 voU., Jena, Fischer, 

^’itandajd work oa anlhropomeby and anthropometric iMth^, thjmgh 
somewhat out of date, and therefore to be used with caution. The third voli^e 
is entirely devoted to the literature of physical anthropology, a^ Is an mdls- 
pen<able reference work. A third edition edited by Karl Sailer is lO process of 
publication. 

MBRRnr, E. L.: Anah/Ucat Phfrtogrammetfv. New York, Pibnan, 1958. 

A genenl urtroduction to measurement by photography. 

Otivrot, G. and Pinbau. H.; Extermination du seae par le polds des 0$. BuU. et 
Mim. de le Soc. d’Anihrop. Porte, 1958. 

On defermlninR ser from the weight of the individual bones of the skeletoo- 
There are significant differences, the bones of the forearm yield perhaps the 
most significant of the sex differences in weight. ...... 

SUNDKPMAK, F. W. and Bororfl*, F.: Nomei Values to Cfinteof M«ito»ne. Phila¬ 
delphia, Saunders, 1049. 

A practical compeodiuin of normal values and sUndards reUting to the phy^ 
togical functions of the human organism, with especial reference to the needs 
of the doctor, but of great value to 6e aothropolo^t. 

ScLLivAir L. R.: Ee«nHofe of Anthrapomefry. A Handbooi for explorers otui 
liuteum CoOectofs. (Revised by H, L. Shs^rfm.) New YoA, American Museum 
of Natural History. 1028- 
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A useful pocketbooV devoled lo dw anthfopomrtry fljid anlhroposeopy of the 
livlogi somewhat out of date. 

Wnxsa, H, H.: A Lebo/ctory of Anthropomeirv. Philadelphia, Blabston, 

1920. 

A very useful book oo the anthropometiy of the skeletal aod Lving subject, but 
somewhat out of date. 

WORKS ON STATISTICS 

A»»JK, H. and Coi-toh, R, B.: Sftfftrticfli Methods, 4tli edition. New York, Baines 
& Noble; 1956. 

A most uicfuJ distillation of the essence of statistical methods. 

CHAMBeiw, fi. C.: Sfertttircoi Celcuicttor; for Begtanm. New York, Carabridge 
University Preas> 1946. 

An excellent intrcduction, on a very elementary level. 

D/aaeaw;, G.: SMiirttOfll Mrthode for Medical and Biohgiccl SludenU. New 
Yoik, KoTtoD, 1048. 

An excellent book, assuming an elementary knowledge of roathematies. 

Fish®, R. A: Stirtirtips for ReMureh Workers, 10th edition. Edinburgh, Oliver 
& 1946. 

meet wldeV used practical treatise. 

Fraiow^u, a N.: A Primer of SwHrHce for Non-Sfatirtioians, New York, Har- 
coort. Brace, 195$. 

A genuinely helpful practical introduction for the non-mathematical reader. 

Hn.L, A. B.: Principies of Medical Statietice, Slh edition. New York, Oxford Uni¬ 
versity Press, 1955. 

A fijtt-rate elefnentniy iotroductien. 

Kurt*, A. K. and BncRRTon, H. A.: SiaHrtlcfll Dirtionorv of Terms end 5ymi»ols, 
New York, WOey, 1939. , , 

An authoritative dictionary of clear and accurate definitions of statistical terms 
and symbols. 

Li, C. T.: Population Genetwe. Chicago, University of Chicago Press, 1955- 
A fundamental bonk. 

_; Introduction to Statistical Inference. Ann Arbor, Michigan, 19S7. 

A noiKnathemadcal exposition. 

MAiNijum, D.: Elemenlarv Medical Statistics. Philadelphia, Saunders, 1952. 
MoaoHEV, M. c.: Pacts from Figures. Baltimore, Penguin Books, 1951. 

A belp^l introduction. ,o .i ^ . 

Prarl, R.; fnlrodwrton to Medical Biometry and Statistics. 3rd edition. KtiJadeJ* 
phift, Saunders, 1940. 

A standard and invaluable work, especially useful to physical anthropologists 
and medioal men- , ,, , 

Rao, C. R.: Adooneed Statistical Methods to Biometrical Research New York, 

Wiley, 1957. _ . 

A valuable work, for the maibematically mote sophisticated student. Ttia prob- 
lems and lUustiative eraunples are mainly based on the raalertals of physical 

anthropology. , .. 

SiMWow, C. G„ Bob. A., and LffwotJmr. R. C.: Zoology. New 

York, McCraw-HlD, 1960. 
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INTRODUCnON TO WIYSICAL ANTHROrOLOGY 

A work on the nielltodology of wwlogy, con»titutinK a fittraetivcly written 
IiitroducUoQ to the use aud mcthodnloify of etstistlo. 

Sniu>ecob, G. W.: Mdhodt. 4tli cdiUon. Amo, Ivwa, Collesiale Pte«. 

194a 

Ari ocellenl Introduction. 

YULB, G. U. end Xetoall, M. C.: An rntroduction tc the 7hevr\ of Stettstics, 13lh 
edition. Now York, Hitfner, 1950. 

A sUodaid work, end the n\ost commonly used by phy.dtd anthropobgists, many 
of whom were bmugUt up on the earlier edtOons of lliU admirable work. 

WORKS ON ARCHAEOLOGY 

Childs V. O s A S^iort Introdvction U> Archaeologv. London, Muller, 1956, 

Ac &cellect eJementary Introduction to arcbaeology, prehistoric and recent, by 
one of the most distingubbe^d archaeologists of our time. 

Clajis, J, G. D.: Pfchirtoric Europe. New York, Philosophical Library, 1952. 

A gr«it hook on the ways In which early man mainlelaed himself in Europe 
since tho end of the Pkistoceno Ice Age. 

. « £;MSfffionj at Stan Carr. New York, Cambridge Unlverdty Press, 1954. 
A model account of au early mesolithic rite in Yorkshire which, among other 
things, conveys not only the facts but alse the feeling of what life was like in 
mesolithic Europe. 

; Arc/wteob^ end Socfelg. Cambridge, Massachusetts, Harvanl Univer¬ 
sity Press. 1957. 

An etcdleot iutroductiun to the aims and methods of archaeology, and the 
reeoKitTUCtloD of prehistoric societies. 

CofunvALL, I. W,; Boner for (he Arckaeolo^H. London, Phoeoix House, 1956. 
Designed to help the archaeologist make preliminary identification of bony 
malcsial. The sixteen chapters cover the idenUfication, recortstiuction, measure* 
ment, cleaning, and interpretation of booos. 

CowwALL, I. W.r Soils for the AKhaeologlst. London, nioe&ix House, New York, 
Macmillac, 1958. 

A most useful work 00 the ideotification and analysis of the soils in which fossil 
r«nains and artifacts may be fouitd. 

DariiSi., G. E.; A Hundred Years of Archaeologv. New York, Macmillan, 195(X 
A highly readable and infbnnative history. 

Da Last, S. J.: Archneologp and its Probleme. New York, MacmiQan, 1957, 

An utterly delightful and indispensable inlroductioo to the alms and methods cf 
arcluieology. There Is trot an aspect of the subject that Is not covered. 

Da Morgan, J.: Prchirtoric Men. New York, Knopf, 1925. 

An invaluable work on the evolution of man’s industries, arts, and cultures. 
Haaea. H. P. (editor). The ArcJioeoicf^ el Woffc, New Yoik, Naiper, 1959. 
A most instructive work. 

Macalistcr, R. a. 5.: A Textbook of European Areheeclogv. Vol. 1. The PeJeeo- 
Uthio Period. Cambridge; at the Uoiverslry Press, 2921. 

Admirable even though aomewhat dated. This, alas, was the only one of the 
projected voKimev publi^ed. 

HACCURPy, G. G.; Human Ori^na: A Manual of Prthlator]/. 2 voU. New York, 
Appleton, 1924. 

A very complete and still useful work, 
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XlKWiW4N£Y. H.: A Maimcl for >ieanderthah. AusKn, Univeisity of T«xm Pro», 
1957. 

The host book oq how Slone Age man mode lus tools available. Ajs die title 
implies ic also ioslructs the reader how lo make similar took. 

OAXLey, K. P.: Hon the Tool Maker. 4th cdltloa. Londoo, British Museum 
(Natural History), also Chicago, Uolveralty of Chicago Press, 1955, 

Au admirable short work. 

PiGCOTT. S.: Approach to Ar^aeolog]/. Londoo, Black. 1&59. 

A stimulating discussion of the ainu and purposes of itrchaeology. 

W 2 s.LEr, G. R.: Metltod and Theory in American Arelvodosp- Chicago, Uni¬ 
versity of Chicago Press, 1957. 

An invaluable syodiesis of New World arcliaeology. 

WoBMU«GTON, H. M.: Anolctti iifan <n North America. 4th etL Denver Mii«<eiun 
of Natural History, 1957. 

The best work on the archeology of North America. 

2BUNEt, F. E.: Doting t/ie Post. 4th cd. New York, Longmans. 1957. 

The basic work on geochronology with especial reference to archeology. 

FILM.MAKING FOR FIEIJD WORKERS AND OTHERS 

For the details of technique, equipment, core, and bandEog of film see N. G. 
Dyhreufurth, ‘Film making for scientific field workers," Amer. AMhropolu S4t 
147-152, 1953. 


RADIOCARBON DATING SERVICES 

A publication devoted brgdy to the publication of radlocaibon date lists from 
vaiioui parts of the world, k published separately under the tide Radiocarbon 
Supplement, by the Amarienn Journal of Science, Box IdOSA, Yale Station, New 
Haven, Connectimtl. Published annually. Subscription $2.50. 

Badiovarben Dates Association, Irtc,, Peabody Foundation, Box 71, Ax»dovef, 
Massachusetts, supplies subscribers with edg^punched cards recording specimens 
assayed and their radiocoibon dates. 

Radiocarbon dating service is provided, on a commerdsl basis, by Isotopes, Inc., 
133 Woodland Avenue, Westwood, New Jersey. 

TABLE OF WEIGHTS AND MEASURES 

1 Micron (a) s 1 thousandth of a mJlimeter (mm) 

1 Millimeter ^ 1 thousandth of a meter 
10 millimeters s 1 centimeter (cm) 1 meter =:• 

10 centimeters m 1 decimeter (dsn) 

10 decimeters = 1 meter (m) 

1 inch K 25A millimeters 

1 foot = 30,5 centimeters (approximately), or 0.3048 meter 
VA in^fls a 14.0 centimeters 
I yard = 0.9144 meter 
1 eentiueter s ,3937 ii>ch 
1 meter s 39.37 inches 
1 mile s 1 . 60 ^ kllameteie 
Volume a Length x Breadth x Thickness 
Area = Length it Breadth 
1 cubic inch s 18.387 cubic centimeters 
1 cubic centimeter (c.e. or ec) s O/lBl cubic such 


10 decimeten 
100 ceobmeters 
1000 milLmeteti 
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1 dedCTftm s 1/10 gram (dgmj 

1 ccQtignA ® l/lOO grain (cjptt) 

1 ctntin.«en) = 61.024 cubic inchc 

i Slfe Stfoo «LrdS<S) - 3S3H8 cubic f«. 

I cul^ deetirattr » I lil«r 
1 liter = 1 .SI plats 
4 biers « 7 pints or 112 ounces 
1 Mnt s 10 ounces 
i oiUKe « 2£350 grains 
1 zrain s about Vk ounce 
1 kilogram s 2 pounds 3«i ounces 
16 ounces B 1 pound 
3427 ounces s lOQ grans 
1 pound s 453.562 grarns 


Dpy MsAavfiB 
Genoos Cubic inebee 
0.125 33.600 

0 25 67401 

10 266403 

20 537.605 

66 215042 - . 

!£lSrdruBdef%eclfied conditions of lemperawre aj>d pressv.re. 


Pints 

1 

2 

8 

16 

64 


Quarts 

05 

14 

44 

&0 

32,0 


Metric 

650.599 cu, mllLmeters 
1,101 biers 
4405 liters 
8.309 Uten 
35436 liters 
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THE MEASUREMENT OF BODY COMPOSITION* 
HISTORICAL PERSPECTIVE 

T^Ai^rnoNALLY physica] anthropologists have been interested in the 
skeleton. Osteometry covered a large part of the globus anthro- 
pologicus. Skeletal remains were plentiful and anthropologisb were 
busy and happy. Insofar as measurements were involved, rather 
than qualitative descriptions and classifications of the color of skin, 
shape of the nose, or texture of the hair, anthropologists compared 
the living representatives of the races of mankind again in terms 
of skeletal dimensions. The techniques of physical anthropology were 
designed to render as negligible as possible the individual differences 
in fat and muscle 

The result was that anthiopobgists got, for the most part, what 
they asked for: data on the skeleton only.* Man, the professed subject 
matter of anthropology's inquiry, was squeezed out. The portion of 
the human body between the skin and the bone was a “no-man’s- 
land ” lying fallow. The realization was slow in coming that soft 
tissues were the anthropologist's business and that body composition 
is, in fact, tiie very key to human physique. 

Body weight was measured, though more frequently by pedi¬ 
atricians, internists, including medical life-insurance examiners, and 
teachers than by those whose business was to study man’s physique, 
ex officio. What has been wrong with body sveight, anthropologically 
speaking, was the way it was used. As length determines in part 
body weight, a variety of height-wcight indexes were devised. They 
had a common fault: at best, they yielded a gross measure of under¬ 
weight-overweight, lumping toget^r factors that should be kept 
initially apart. 

Id the adult individual, at a given height the body weight in¬ 
creases 1) with the increase in lateral dimensions of the skeletal 
frames such an increase is accounted for. in a small measure, by the 
* By )as«f Broidr, Lehigh Uaiveoity, Bethlehem, Peonsylvaiua: Research 
Assodate and formerly Professor, Laboratory of Pbystolo|tfoal Hygieoe, School of 
Public Health, Univei^ity of MiDuesota. Minneapolis, Minnesota. 
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wcigJjt of the "extra" skeUtnl structures and» rjore iinportantly, by 
increased amounts of the supporting musculature and by the In¬ 
creased size of the organs filling the si)aces defined by the bony 
stnichires, 2) with increase in musculature, resulting from pljysical 
exerdsc, nnd with increase in adipose tissue, resulting from excessive 
food intake and/or imderexerdse. 

These factors, of quite different biological significance, are hope¬ 
lessly scrambled in height-weight indexes and allied concepts, such as 
the relative body weight (100 A/S, where A = actual weight, S = 
weight standard for age, sex and height). Ho'v can we parh'tion the 
gross body weight? 

Ttie basic information regarding body composition is obtained on 
the basis of direct analysis of the human body. Because of man’s 
size and a variety of other considerations, quantitative analyses of 
whole adult bodies using anatomical or chemical methods have been 
few and far between. There was a long gap between the work of 
the older German anatomists (Bischoff 1863, Volbnann 1874) and the 
modem data published in America by Mitchell (1945, 1953) and in 
England by McCance (1951) and their respective collaborators. Their 
work, though limited in the number and selection of the bodies, 
represents a significant advance. Clearly, tlie direct analyses provide 
the final calibration and validation for the indirect methods. 

Individual differences in soft-tissues, specifically in subcutaneous 
fat, have not escaped the measurers' eyes. P. Richer, a Frenchman, 
reported on “the function of fat in the external form of the human 
body as far back as 1890, But the roots of modem anthropological 
study of body compositiOD. uCdizing available anatomical information 
and focussed on the analysis of body weight based on external body 
measurements, may be traced to the work of the Czech anthropologist 
J. Matiegka. His important paper * was published in 1921 under the 
cryptic title ‘Tho testing of ph^'cal €fficiency“ in the American Jour- 
Twl of Physical Anthropology. Much interested in the functional 
significance of individual differences in human physique, Matiegka 
outlined a technique for a quantitative appraisal of the mass of the 
main body compartments accessible to somatometric approach. The 
writer has expressed the opinion, and sHU holds it. that it was a major 
loss for students of human physique that Matiegka's approach, pro¬ 
viding physical anthropology with its vital “fourth dimensioD” re¬ 
mained, for years, unnoticed. 

In subsequcDt years tlie studies of the composition of the human 
body continued to receive impehis through a variety of develop- 
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ments. At Minnesota R. E. Scanunon, quantitatively orienied 
anatomist, portrayed in the early twenties die markedly varying rates 
at which different organs grow* with special emphasis on the fetal 
penod. The Jayer of subcutaneous fat grows precipitously between 
about the 2$th and 40th week of menstrual age (term). Equations 
were provided for predicting from crown-heel length the weight 
of the anatomically separated subcutaneous adipose tissue and of the 
chemically extracted fat.^ 

R E. Moulton, concerned with growth and development of farm 
animals, formulated in 1923 the concept of “clremical maturity,” de¬ 
fined as a state in which the composition of the fat-free mass (annly 2 ed 
in terms of water, protein, and minerals) approximates constancy * 
While the species differences cannot be neglected, animal studies 
provide a welcome opportunity for the validation of indirect tech¬ 
niques.®* 

Methodologically, an important advance in animal studies on 
body composition was made hy J. Hammond, His complete-dissection 
method (1932) involves anatomical separation of the total body into 
its component organs and tissues. The weight of each component is 
recorded and expressed as percentage of total weight or. preferably, 
in terms of a reference organ or part (such as brain-plus-eyes). Ham¬ 
mond and his co-workers applied this technique to a systematic 
analysis of developmental changes in different anatomical regions 
and in the major organs and tissues of the body.® 

The strongest stimulus to the study of body composition in man 
came from the work of A, R. Behnke, inirtally an outgrowth of his 
physiological studies pertaining to deep sea diving.’* * Under his 
guidance formulae were developed for the analysis of weight of 
the living human body into its "fat” and lean" fracHoti on the basis 
of the ratio of body weight to body volume® and of total bodv 
water.’®' 

In the context of nutritional researches Icie G. Macy and her co¬ 
workers began their studies on chemical giowth during childhood. 
The first volume of their reports was published in 1942,’* Later, they 
labelled the field "chemical anthropology.” A large amount of valu¬ 
able data was recorded and analyzed in regard to the storage of 
nutrients in the body of the growing child. Food intake was me¬ 
ticulously measured and the detailed chemical analysis of meals was 
combined with the collection and chemical analysis of excreta. The 
balance studies, involving determinations of the cumulative differ¬ 
ences between nutrient intake and losses in urine and feces, were 
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made for as long as 225 duya—a truly Herculean labotl The meta¬ 
bolic balances provided detailed idfoimation on the storage of nitro¬ 
gen, considered as evidence of the growth of ‘protoplasmic mass,’' 
and of mineniU. A variety of anthropometric, physiological and other 
biodiemical data were collected to document the complex changes 
constituting gIO^vth. The subsequent attempt to synthesize the simpler 
body measurements with the more complex biophysical and bio¬ 
chemical approaches to the analysis of body composition—an impor¬ 
tant task for physical anthropology—cannot be regarded as success- 
ful.n. >*■ 

The concepts and tools for the study of body composition were 
reviesved systematically in the comprehensive framework of human 
biology, as practiced at Minnesota.“ The methodological oontribu- 
tioTis of the Minnesota group included some technical improvements 
(direct measurement of ^residual air" in determinations of body vol¬ 
ume by underwater weighing), the concept of normal young man 
as the "Werence body," infeamation on density of human fat and 
on the composition of mass gained by overeating (“obesity tissue"), 
and prediction of total fat from skinfolds and from roentgenograms 
of the extremities. 

The technique of soft-tissue roentgenography has been utilized 
intensively for measuring the amounts of subcutaneous fat (plus skin), 
muscle and bone in several research centers concerned with growth 
and development^*' 

The concept of body composition, together with the availability of 
new tools for the measurement of body compartments, stimulated in 
recent years a substantial amount of research. Physical anthropology 
was brought into livelier contact with the “dynamic” problems of 
QUtritiOD, of growth and aging, of physical exercise. The need for 
a friadamentel rethinking of one of the pillars of physical anthropology 
of the living man, that of body build, emerged clearly, 

METHODS-BASIC CONSIDERATIONS 
The components into which the total body mass is separated de¬ 
pend on the investigators frame of reference—anatomical, chemical, 
and biochemical (see Table I). The anatomist thinb in terms of 
dissected organs and tissues, of mechanically separable components 
that can be measured in regard to their size aod weighed. The or¬ 
ganic chemist, analyzing a whole cadaver or its anatomical parts 
operates with compartments defined in teims of chemical procedures 
And the biochemist and physiologist, dealing with a living organism 
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will Operate with a set of body components that wiU again differ, at 
least in part, from those of the organic chemist The biochemical ap¬ 
proach and breakdown of body weight is guided by metabolic and 
functional considerations, and results in a system in which some com¬ 
ponents are defined in strictly chemical terms (e-g., body water), 
others (e.g., cell mass) are “histoohemical” construcb, i.e., tissue 
(histos) masses defined on the basis of biochemical operations and 
concepts. 

The physical anthropologist is closer to the anatomist than to the 
chemist, whether he is making anthroposcopic ratings, using direct 
body measurements or measuring the width of tissues in a soft-tissue 
roentgenogram of the leg. His "fat^ is the adipose tissue of the 
anatomist and his measurements of ‘'muscles" or ‘Tiones" refer to 
anatomical entitles. Yet, prediction equations can be established for 
the assessment of body composition, on the basis of appropriate 
body measurements, in terms of anatomically, chemically or bio¬ 
chemically defined components. 

Prior to the discussion of individual methods, an overall review 
of the basic data used in studies of body composition in vivo may be 
useful. These are indicated in Table 2. A variety of other techniques 
was developed for the study of body composition, including deter¬ 
minations of body fat by the use of fat-soluble indicators, such as 
the gases nitrogen and cyclopropane, and the estimations of the fat- 
free fraction of the body from creatinine excretion and basal oxygen 
consumption. These methods will not be described here The densito- 
metric and the hydrometric method will be discussed only in regard 
to the basic ideas. 


TABLE 1 

Basic PaAuaa or RapBacNcs ano tus ReauLTiwo Boor CoMroMBMw 


I'ramee N Hdftrgnce 

AwuamiMi 

CA«mt«o/ (Direct anaJyas 
of cadavers) 

Biodanieal (Indirect 
analysis in Ww) 

AdipMB tissue 

Pat (slhar extract) 

Pat estimato (cquivaJaDt 
of ether extract) 


Total body water 0*7 
defecation) 

Total body water aod itt 
fractions (by dilution} 

Muscle Maas, Viscera 

Protain (d.25 X nitrogen) 

Cell rnaaa (estimate) 

Skeletal msse 

Total and bone mineral 
(Mb) 

Bone mineral (estimate) 
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TABLE 2 

Basic Data Used D:r>»KR£NT ArrROACHSs to Budt CowTOsmoH In Vivo 


"Sitrfnet'' 

ANOvoprmttrj/ 

viclrj/ 

DentUontehv 


Hviglit, WelffUt 

(Actual, oT 

MandarU) 

(Body weight; 

Body weigltt 

Body A'eiaht 


Widlb of ^in plus 

aubcuiaiwouH 

iwuua 

Body deusi^ 
(D-Maas/Voluixie) 

ToUl body wAt^r 

Circumf^renrea 
aiui diafnetvn 

(Gamrially in 
limb*, pref«nbly 
eom»M«dfor 

Muhegtaneoua fat) 

R’idtb of Dniaclc 
la)‘«r lunbe; 

(Extmeellular 

maid) 

Extreeollular 

i^uid 

Rnuy diAn)et«rei 

Bony aidtha 




(Dr^tkc or bone 
mineral Uatlon) 




The emphasis will be placed on those techniques that belong in 
tbe physical anthropologist’s tool box. This is, however, a metaphor. 
It is easy enough to pack and carry around a box containing a couple 
of flexible steel tapes, a suitable L^haped object for defining the level 
of the top of the head, large spieadiog calipers for measurtng the 
width of shoulders and of the pelvis, smaller spreading calipers for 
determination of biepicondylar diameters of the extremities, and skin¬ 
fold calipers. Tlie x-ray machine is less readily transportable. Yet, in 
the last two decades soft-tissue roentgenography has been an im¬ 
portant tool allowing the anthropologist to make a significant con¬ 
tribution to the fund of knowledge on tlie body composition of tbe 
living man. This tool has been applied especially to the study of 
growth and development while the densitometric technique was ap¬ 
plied almost solely and tlio hydrometric techniqite largely to adults. 
In tliis presentation, we shall be also concerned primarily with the 
adult man (and, on occasion, the adult woman). Methods for re¬ 
search on growth were described recently by Cam and Shamir.^* 

METHODS: DISSECTION AND CHEMICAL ANALYSIS 

For well over 100 years parts of dissected human bodies have been 
diligently weighed and some analyzed chemically. Nevertheless, in¬ 
formation on the total composition of the body, in anatomical or 
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chemical terms, is surprisingly meager- Most of the modero data 
were obtained since 1945. 

The data resulting from the dissection of two cadavers into die 
various organs and tissues are given in Table 3- The 35*yeaf-oId man 
died from a heart attack.*® The death of the 4e-yearK)ld man was 
due to a skull fracture as a result of a fall.*® Both were thin, below 
standard weight (with relative weights of 88 and 74, respectively; 
normal” = 100), The authors reported the weights for 18 components. 
For our purposes the separation of body weight into that of ieleton, 
skin, adipose tissue, striated muscles, and a remainder will suffice. 

For the purposes of integrating the direct analyses with the in¬ 
direct methods applicable to the living man it is essential to charac¬ 
terize die composition of the body in chemical terms. Some very 
detailed chemical analyses have been reported.^ The best available 
data regarding moisture (total water), total fat (ether extract), pro¬ 
tein (6.25 X nitrogen), and ash (bone mineral plus non-osseous body 
minerals) are summarized in Table 4. 

We are far from having satisfactory information in regard to the 
variations in body composition within the range of **nonnality,” asso¬ 
ciated with such basic biological variables as age and sex, 

METHODS: BODY MEASUREMENTS (SOMATOMETBl) 

How do the traditional body measurements fit into the conceptual 
framework of body composition? The fact is that most of them do not 
fit it or at least do not fit it very effectively. The classical handbooks 
are brief or silent on the subject,*® 

Here we shall consider 

a) linear measures of the development of subcutaneous adipose tissue 

and of muscularity, and 

b) deviations of body weight from the ’‘norm," 

c) estimation of principal tissue masses from body measurements. 


TABLE 8 

AwATOincAt. Boi>r CoMPOamoN or Dowea of 2 Wbttb M» ("^) 


Aff«, p9ort 


Skeleton 

Skin 

AdtpoM tianie 
Striatod muado 

Kenuindor 


U 4$ 

WtiffUt o$%<tfMoibocfy iseifhJ 


14.8 

7.8 

18.6 

81.6 

82.2 


17.6 

6.8 

11.4 

39.8 

24.9 
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Boot Cokpoemox Rai'kttNo p«oh Cbsmical \NAkms 


lUfermu _tf/)_ {i$) (fi) ^ 

Ace, 35 25 46 

F M M M 

W«i*hl, kg. 45.1 70.5 71,8 55.7 

^'bcht op CoscpOReos Rxpimw» Aft % or Totai. Boot Wsigkt 

22,6 14.9 19.7 

57.9 61.8 55.7 

U.4 15.5 18.8 

4.8 6.4 6.6 

0.4 0.3 0.3 


VTsioirr OP Coupomm fizpKgasftft aa % or FAT*raftft Boor WnoHr 


Water 

73.3 

77.5 

72.5 

69 3 

Pmwia 

18.8 

15.5 

19.5 

28.4 

Alb 

Uikamuntaii for 

7.5 

0.8 

5.5 

0.4 

7.5 

0.4 

e.8 

0.6 


Linear Measures of Pataess aod Muscularity 

In man about one-half of the total fat deposits is present as (be 
subcutaneous adipose tissue. In various parts of the body surface the 
sJon, together with tbe subcutaneous layer, can be readily lifted 
( folded”). As the thidmess of tbe skin itself is relatively uniform, 
the differences in tbe thickness of tbe skinfolds measured at different 
sites in a given individual cr at a given site in different indii;»duoir, 
reflect largely the differences m the amount of subcutaneous fat 

The number of sites at which skinfold measurements can be 
made is large. TTie number and locatioo of sites that should actually 
be measured will depend on tbe invesfigators aim and drcucnstaDces 
under which tbe measuimnents are to be ifooe. 

Over the last dozen years several skrnfold calipers have been 
<l«igned.» A model developed by Doctor K. O. Lange, in con- 
suJtaHon with tbe present writer, is pictured in Figure 1. It is for¬ 
tunate that, in spite of tbe existing differences in construction the 
caliper pressure at tbe contact surfaces was kept at the standard value 
of 10 gm/nim». The contact area should be small so diat it remains 
in full contact with tbe skio and tbe caliper Eressure is well defined 
Depending somewhat on tbe shape (circular, square, rectangular) 
tbe recommended size of the contact surfaces lies roughly between 
20 and 40 mm*. 


Pat 

28.5 

WAt«r 

$5.0 

ProteiB 

M.4 

Asb 

5.8 

UiueteimW8 for 
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Figui'e 1. Lange Skintdd Caliper.* 


Several other features must be standatdi 2 ed in order to assure 
comparatulicy of skinfold measurements made by different investi¬ 
gators. Thus the "skin" should be lifted by grasping firmly ffje fold 
between the thumb and the forefinger. A firm grip, not exceeding 
the pain threshold, eliminates or at least substantially reduces the 
variations in the apparent thickness of skmfold that would result 
from wide differences in the pulling force of the fingers. 

The width of the skin that is enclosed between the fingers is an 
important factor. It cannot be standardized, in its absolute size, for 
all the sites of the body. With a thick subcutaneous layer a wider 
segment of the skin must be “pinched" in order to form a fold than 
when the adipose tissue is poorly developed, as it is on the dorsum 
of the band. For a given site the width of the skin should be mmfmnl, 
still yielding a well defined fold. 

The depth of the skiofold at which the calipers are placed on the 
fold also requires comment. The two sides of the fold are not likely 
to be parallel, when the skin is lifted by one hand, being narrower 
near the c rest and larger toward the base. When the calipers are 

• Available from the Wermer-Gren Aeronwtlcal Research Labonilory, Uni* 
vmity of Kentuclo', Lexiogten, Kentucky. 
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placed At the ba$e» tbe remltmg measuremeat is too large. Here, 
again, the correct distance from tbe crest is defined as die mimnud 
distance from tbe crest at which a true fold, with surfaces approii- 
mately parallel to ead) other and to tbe contact surfaces of tiie 
cabpers, is obtained upon the ^iplicatioo of the calipers to tbe skin. 

Some caliper models only appmziinate but do not actually achieve 
the paralieli^ of the contact sujfaces. However, such parallelism 
is a* desirable feature of the calipers. In very obese individuals at 
some sites no true slanfolds, as defined above, can be obtained The 
measurements are still useful as indicators of fatztess but the "sldn* 
fold" measurements are then larger than a double value of skin plus 
the subcutaneous layer, taking into account tbe compression of tbe 
by tbe calipers. It is recommended to lift the sldnfold at a dis¬ 
tance of about 1 cm. from toe site at which tbe calipers are to be 
placed and the sldnfold measured 

Because of fairly rapid Aanges in toe layer of tbe subcutaneous 
fat over relatively small distances at certain areas of tbe body surface, 
the sites should he dearly defined ar^ carefully identified prior to 
measuring skinfolds m a given indjvidual. 

The selection of the locatioo of the sites depends on several cri¬ 
teria, su ch as accessibtlity, the predsioo wito which the location can 
he identified and reproduced, relative homogeneity of tbe layer of 
subcutaneous fat in a given region, and toe validity of sldnfold 
measuretnents at specified sites as an index of total body fat. 

Taldng into consideration all these oiteria, cleamt superiority 
cannot be claimed for any one site. At present toere is a fairly unani¬ 
mous agreement on two sites whid) should be mcluded m tbe minimujn 
battery of somatic measurements gathered for purposes of anthropo¬ 
metric cbaracterization of body compositioo: toe dorsal skiofold on 
the upper-arm axsd the subscapular skznfold-** 

The upper-arm site is readily accessible m individuals of boto 
sexes in most cultures. The sldnfold is located on the dorsum of the 
right upper-arm (over the triceps), at the level midway between toe 
lateral margin of tbe acromial process of the scapula and the tip of 
(he elbow. Tbe level is located with the arm fiexed at 90*. In maldog 
the sldafold measurement, tbe ann should bang freely. Tbe crest of tbe 
skinfold is parallel to the long axis of tbe arm. As tbe changes in 
the thickness of subcutaneous fat from the elbow toward toe shoulder 
are substantial, the level at which tbe skzrifold is measured should 
be located rather precisely. 

Tbe subscapuiar skinfold is measured below the tip of toe ri^ 
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jc&puk, with Che subject standing but relaxed. Usually the sldn is 
lifted most readily along a line at about 45* from the horizontal level, 
going medially upward (and laterally downward). One of die advan¬ 
tages of this site is that the tliickness of the subcutaneous adipose 
layer is fairly homogeneous in this area and small differences in locat¬ 
ing llie site are less important than is true for the upper arm or the 
ab^men and chest. 

A variety of other sites have been examined. The site along the 
mid-axiUary line, at the level of the xiphoid process, appears advan¬ 
tageous as a predictor of total body fat. 

When it is desirable to combine several sbnfolds, Z procedures 
con be used: 1) the skinfold thicknesses may be simply added—a 
least satisfactory method which is, nevertheless, )usti£ed for some 
purposes; 2) a measure of the ‘general fat-factor*’ may be derived on 
the basis of the staristigal analysis of relations between the skinfolds, 
and 3) the skinfolds can be combined in a multivaxiate estimating 
equation so as to predict most effectively the total body fat, ob¬ 
tained by the densitomeCric or the hydrometric methods. 

Limb Diameters (Muscle and Bone) 

In the general population the differences in muscular development 
account for a lesser portion of variation in total body weight, at a given 
height, than does the size of the fat deposits. Nevertheless, quantitative 
characterization of musculature is of interest, especially to physical 
anthropologists concerned with the effects of exerdse and physical 
work on man’s physique. 

Unfortunately, only the musculature of the extremities is readily 
accessible to anthropometric appraisal. When the required equipment 
and Crained personnel are available, the size of the muscles can best 
be characterized In terms of the breadths (or calculated cross-sectional 
surfaces) of the muscular segments on the soft-tissue roentgenograms 
of the limbs. This method is referred to later in the text. When direct 
(somatometric) measurements must be relied upon, the muscular 
development of an individual can be characterized on (he basis of 
limb drcumfeiences, provided the thickness of the subcutaneous fat 
is measured at the same level as the limb circumference. 

For the purposes of calculation, the limb is regarded as a cylinder. 
From the circumference (c), which is measured, we can calculate 
the total diameter (c = v d; dsc/r). The corrected diameter is 
obtained by subtracting the thickness of skin-plus-subcutaneous layer. 
On the upper arm one may measure the dorsal ($,. over triceps) and 
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ventral (S-, »wt bicfjw) sktnfcki and use flx'W* figures fen* anreclion 
n£ the lotnl diameter. As the shin folds reiwesent 2 thicknesses of 
tl»e adipose layer, only one-half of the skinfold thickness is sub¬ 
tracted: 


In practice one usually measures only the dorsal skinfold and 
obtains the corrected diameter as 

.J - c/r - Sr 

The upper arm circumference should be taken with the aim hang¬ 
ing freely. It should be measured at a right angle to the long axis 
of the arm, at the same level as t])e arm Enfold (midway between 
acromion and the olecranon, as indicated above). The fiexible steel 
tape should be applied lightly to the skin in order to avoid deforming 
the contour of the sfcin.*^ 

The calculated calf diameter is a useful indicator of the muscular 
development of the lower extremities. The circumference is measured 
at the level of the maximal cross-sectional area, preferably with the 
leg placed on a chair and bent at a 90” angle. Medial skinfold is used 
for purposes of correction. 

A more “dynamic" measure of icruscularity is represented by the 
circumference of the upper arm, flexed under tension in order to 
produce maximal bulging of the triceps. 

Deviations from Standard Weight 
Weight Predicted from Height 

The deviation of body weight from the “standard" for height (and 
sox and age) may serve as a gross indicator of under- or overdevelop¬ 
ment of soft tissues (adipose tissue, musculature, and viscera). In 
p«\thobgicaJ situations other body components, such as the body fluids 
accumulated in patients with *iiunger edema/' can complicate the 
interpretation of the biological significance of deviations from standard 
in such a manner as to make body weight useless even as a very gross 
indicator of soft-tissue development. 

Athletes performing certain types of physical exercise, notably 
weight-lifting, develop large muscles. Iri such cases the muscle mass 
will account for a larger fraction of body weight t ha n would be true 
for (he average man. In ‘formal" adults of a given height the adipose 
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tissue accounts for a large fraction of the individual differences in 
body weight. 

The standard weight is usually defined as the average weight of 
individuals of a given sex, height, and age. In the United States the 
basic tables of standard weights are those developed in the course 
of medico-actuarial investigations.*®*' These tables were reprinted 
many times, with or without essentially arbitrary correctious for the 
height cf shoes and the weight of shoes and clothes worn by tlio life 
insurance applicants on whom the data were based. 

Wlien the nximber of persons measured is very large, the standard 
weights can be obtained by averaging the weights of men and of 
women of a given age and height and tabulating them, separately for 
the two sexes. Even then some "smoothing’' of the curves portraying 
the age trends is usually desirable, especially for the very tall and 
very short individuals who are in short supply. 

For a given age we can calculate the predicted weight (the "stand¬ 
ard”) from a linear equation 

S - a -I- bH 

where a is an absolute value (a weight, in kg. or lb.), b is a regression 
coefficient (a number), and H is standing heiglit (in cm. or in in.). 

When a more general prediction equation is desired, the age 
factor (Y, in years) may be included. Then the equation assumes 
the form 

B - a + b,H +b,Y 

In order to compare different individuals, the deviation of the 
actual weight (A) from the standard (S), d = A-S, may be related to 
the standard weight: 

d% - 100 -^ 

More frequently, the Belative Weight is computed by relating not 
the deviation but the actual weight to the standard 

Relative Wei^t - 100 ^ 
o 

In the population of the U S. the weight of adults tends to in¬ 
crease during the period of maturity and the tables of standard 
weights take this fact into account Thus the relative wd^t of indi¬ 
viduals of average weight (for height, sex and age), at all ages, is 
100. These are the so-called age-corrected standards. They are useful 
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for some comparisons of individuals differing in age. Specifically, 
they allow us to identify groups of individuals of different ages but 
of the same degree of relative undenveigbc or overweight. 

From the point of view of body composition studies, the use of a 
single standard, such as the average weight of individuals 25 years 
of age, of a given sex and height, makes good sense. Deviations from 
such a standard provide a better estimate of leanness-fatness while 
the relative weight is an appropriate measure of underweight-over- 
weight. It is essential to specify which standard is being used in a 
given study and to interpret the deviations from the standard ac¬ 
cordingly. 

From the statistical point of view the severe limitation of height- 
weight tables lies in the fact that the frequency of occurrence of a 
given value of relative body weight is not given. How many individ¬ 
uals have a Relative Wei^t greater than 110 or smaller than 90? 
This information is important for the appraisal of the biological sig¬ 
nificance of the weight deviations from standard. 

The weight distributions are typically skewed toward the higher 
values. Consequently, the arithmetical averages (means) are larger 
than the “typical,’' most frequent values (mode) or the mid-points 
of the weight distributions (median, a value dividing the distribution 
into two equal halves). For some purposes attempts to remove the non- 
nonnality of the weight distributions by means of transformation 
(e.g, by using logarithms of body weights rather than the weights 
themselves) may be called for. 

Weight Stami<irA Taking Into Aocount Skeletal frame and 
Muscularity 

In the common height-weight standards only the height (and age) 
is taken into account as the point of reference: the variations in “body 
budd** are not considered. The vertical partitioning of the body into 
head plus trunk versus the leg length appear to be less relevant than 
the consideration of tl>e lateral bony dimensions. The measures of 
laterahty should not be affected by the overlaying adipose tissue (or 
musculature). The Committee on Nutritional Anthropometry (1956) 
r^ommended tsvo measures as indicators of the laterality of the 
skeletal frame; 1 ) the bicristal (biiliac) and 2 ) the biacromial 
diameter.*^ 

The bicristal diameter, a measure of the width of the pelvic girdle 
is obtained as the greatest distance between the lateral margins of 
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the iliec crests. Id well "pedded” individuals it is necessary to exert 
strong pressure on the coatact surfaces of the calipers in order to 
miniroize the amount of soft tissues which would be otherwise in¬ 
cluded in this roeasuronent. Tlie failure to do so would result in a 
spuriously large "standard* w^ght, in the calculation of which the 
two diameters {and height) are induded, and dius an underestimate 
of relative weight 

The biacromial diameto, a measure of the width of the shoulder 
girdle, is defined as the distance between the most lateral margins of 
^e acromial processes c£ dte scapulae. The subjects should stand 
erect but with the shoulders relaxed. This point is important and the 
failure to standardize (he posture an as to obtain the maximal value, 
for a given individual, wifi introduce sizable errors. 

When we wish to obtain a purer estimate of fatness, we should 
incorporate one or more crittria of muscular development into the 
prediction equation. The upper arm diameter, corrected for the thick¬ 
ness of the layer of subcutBr>eous fat may serve as such a criterion. 

An equation for estimating "standard* wei^C on the basis of 5 
predictors is given, as an example, in Table 5. The equation was de* 
rived on the basis of data obtained for 238 Minneapolis firemeo.^ 
On the basis of statistical tests, 2 additio&al dimensions used 
initially as predictors of weight were elnrunated: the iliocnstal hdgbt, 
a measure of "leg length* and the biepicondylar diameter of the 
humerus, a measure of the "ruggedness* of die bones of tbe ex* 
tremities. Each of the remaining 5 variables contributes significantly 
to die precision with whidi we can predict the body weight 

Deviations from a weight standard so defined may be interpreted 
as representing largely the amounts of adipose tissue by which an 
individual differs from the average man of given body proportions 
(and age). 

TABLE 5 

SaUAnOK FOR PUPTCTTNO BOOT WatGR FBOM HrOST (X«), 2 MEASURU 
OS Lateraltit (BtcRmit. DuMSTRR, Xu A» Biacbosuaa DiAJiirm, am 
Imricator os Mobcoub DvTRLOSKmsr (t'Fso Arm Duacrier, CORaBCrso sot 
SORCVTAMtOUS FaT, X) AMO AOR (Xt). AlA. URASURRMBinR ARB IK Of., AOB 

Id Yrarr 

t - +0.411 X, 

+l.9D4Xi 

•te.ssx. 

+7.M2X. 

•I'O.aoXi 
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Anatomical Body Compartmenls Predicted from Body 
Measurements 

In 1921, J. Malicgka proposed an original and potentially usefal 
system for the estimation of certain tissue masses on the basis of body 
measurements.^ He felt, with jiistiiicaHon, that traditional anthro¬ 
pometry did not yield a satisfactory description of human physique. 
Clearly, ft would be erroneous to assign too great an importance to 
any single body dimension as an indicator of “fitness." Thus tallness, 
as judged by stature, is not necessarily an indicadem of overall physi¬ 
cal superiority as it may be associated with a poorly developed mus¬ 
culature. Similarly. large body weight may indicate an unhealthy 
obesity rather than a powerful physique. Tlie traditional combiuations 
of two or more anthropometric dimensions in the form of an index 
also did not yield the answer, the principal reason being that the 
initial measurements, such as body weight or chest circumference, 
were complex data in which size and tissue composition were hope¬ 
lessly scrambled. 

Matiegka was interested in a functionally oriented, “dynamic” 
anthropomelry and his goal was to devise a system for an analytical, 
quantitative description of human physique, a system that would be 
adequate for the evaluation of the somatic facet of fitness (“physical 
efficiency’*) for piuposes of vocational guidance, choice of athletic 
pursuits or life insurance examinations. He was anxious to place 
physical anthropology of the living man into a wider framework of 
human biology and visualized the somatometric evaluation of physique 
as a component of a broader study of man's health and work capacity. 
Such a comprehensive evaluation would include, in addition to body 
measurements, a general clinical examination, physiologica] assessment 
of principal body functions, and the psychological (psychometric) 
evaluation of an individual. In fact the tenn ‘somatotechnic'’ methods 
appealed to him as a parallel to the “psychotechnic" procedures of 
applied psychology. His goal was to enhance the biological signifi¬ 
cance of body measurements and to increase the utility of physical 
anthropology, measured in terms of medical and social aiteria. 

In Matiegka's sj-stom the gross body weight (w) was divided into 
four components: 

w-o + i) + M + n 

where 0 = the weight of the skeleton ("osm," boues), 

D = skin ( (ienna ) plus subcutaneous adipose tissue 
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M = skeletal louscles, ^ik) 

R := remainder. 

The £r;t three components, liefined in terms o£ anatomical entities, 
con be estnoated on the basis of body measurement (Table 6). 

The estimation equadons derived on the of the author’s 
experience and such data as were available in tbe literature, and were 
regarded by die auCbor simply as first approximatiODs. He was aware 
of the tentative nature and defideccies of bis approach, and in the 
original communication (19il) he pointed out several dines the need 
for empiricaJ validation and refinement Refinement and better stand¬ 
ardization was called for in regard to some of tbe basic measure¬ 
ments. Thus sidnfotds were measured with a sliding compass with 
blunt points exerting only a mild pressure so that the skinfold would 
slip out of die branches of the cabpers when not held by the fingers. 
Ibis is not a very predse definitioo of pressure and tbe use of calipers 
with a constant tension is preferable. 

While Matiegka was concerned with streogdiening the practical 
usefulness of anthropologicaJ measurements, his ideas were of funda¬ 
mental importance for quantitative human mttphology in that he 

T.\fiL£ « 

MATtaoKA’A FoaKCUti roa tub CALcin.Ano)r or me Wmbt, d* GaAScs, or res 
3sai.erOK (0), Siuk Pus Sunci.'TAjreocs Antpeaa Tisbcb (D) akd MuscLsa (M) 

0 • 0* X L X ki D - d X S X k> M - r* X L X ki 

where k; - 1.3, b * 0.18, and b • 6.6, 

L • atature, is cm., S » bodj nijface, m cm.* 

Oi -|- o» -p 0l + o« 

o " ■ ■ ■ , wAh ci{ to o« repKsenting the me^daiun transveroe 

Uia&etere of humenU and femonZ eondylca, wrist end ankle, in en. 
di d*... ^ d( 

d - 1/2 -, vHh <1 to 4fa reiemss to the thkknes of the akin- 

6 

fold at the follovinf eitee: a(^>er ano, above the Ueeps; the foreeno, plantar aide 
at manmum breadth; thi A 4boTe quadrieepe auiade, halfway between 
fold and the koee; calf of the hf; tlMwax. ott eoalal marpo- halfway between mpfrup^ 
and tbe ufflbQieus; and abdmwm, halfway beorean tiw navel and the anterior 
luperior apine. 

n + + n + r* 

r • ‘ ■ , with ri to r* r ep re ae pling the radii ealculatcd fracn the 

circumfereaeea of the arm. Butad, aaeured above tha b^ly of lha hicepe; foreann. 
raanauus; (hich, halfway baNreas dia troehantar and the lateral ^condyle; and 
Itp maxunnm eoeomteeMe of the calf. tV vabea weiw corrected for thi^eae 
oTthe aubcDtaoeoqa ciaaue phia the alda. 
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pointed to a new way for the synthesis of individual body measure* 
ments in a meaningful biological frame of reference and emphasised 
the fundamental role of body composition in describing man's 
physique. 

Quantitatively oriented anatomists and physical anthropologists, 
in and out of his native Bohemia, owe Matiegka a debt of hard labor, 
still largely unpaid. Additional research is needed in order to replace 
Matiegka’s approximative constants by rigorously derived estimation 
equations, especially for the total amounts of muscle in the body. 
Matiegka's ideas for the estimation of the weight of the skeleton on 
the basis of stature and transverse bony diameters of the extremities 
were taken up, tested, and further developed by Mildred Trotter 
and her co-workers in the Department of Anatomy, Washington Uni¬ 
versity, St, Louis, Missouri** The diameters recommended by Ma¬ 
tiegka for Ae living were measured on skeletons (not on cadavers) 
and the weight of each skeleton was estimated according to Matiegka's 
f:>rmula. This estimate was not more precise, unfortunately, than tiie 
estimate that could be obtained from stature alone. Better results 
could have been, perhaps, obtained by using the bony measurements 
and height as predictors in a multivariate estimating equation. 

The following additional variables were measured for the femur: 
weight, length, and area of photographic projection of the total femur. 
The middle half of each femur was x-rayed and the area of the shadows 
corresponding to the compact bone was determined with the plaxu- 
meter. The area of compact bone proved to be the best single pre¬ 
dictor of skeletal weight. This is important as the value can be obtained 
also for the living man. Adding stature to compact-bone area im¬ 
proved substantially the precision of predicting total skeletal weight 
but the addition of transverse diameters did not yield a further gain 
in the precision with which the weight of the skdeton could be pre¬ 
dicted. In the final report 5 variables (stature, femur, length, area of 
shaft, area of compact bone, and age) were related to skeleton on 
weight.*** 

METHODS: SOFT-TISSUE ROENTGENOGRAPHY 

Light roentgenograms of the extremities, obtained with appro¬ 
priate combinations of exposure time and peak voltage,* provide useful 
means for measuring the relative amounts of bone, muscle, and skin- 
plus-subcu taneous adipose tissue. The need for precise, standardized 

• Gam specific 10 to 20 mi)liunp«« seconds and peak voltages varying from 
05 to 75 kilovolts, depending oo Che ihjckneas of the part to be x-rayed ' “5* 
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pojitionixig cao hardly be overemphasized The distance between x-ray 
tube and film should be large (6 fL) so as to minimize the distortion 
due to the fact that the x-rays are not strictly parallel. J. M. Tanner 
eliminates die differences in the magnification effect present in x-raying 
parts that vary in thickness by keeping constant the distance between 
the media] plane of the limb and the film (see also ^). 

For purposes of examining the relations of roentgenograpbic limb 
measurements to body density, roen^enograms were obtained of the 
upper arm and forearm, of thigh and leg.^ The teduuque of measur¬ 
ing soft-tissue roentgenograms is illustrated in Figure %. Three sices 
are presented: 1) Upper ann, m anteroposterior proiectioni of special 
interest is the thickness of subcutaneous fat, measured at the point 
of deltoid indentation along tbe vertkal to the skin (see also ^). 
2) Leg, in anteroposterior protection. All measurements were taken 
perpendicularly to the long ang of the limb, defined as the line con¬ 
necting the midpoints of tbe upper and lower edges of (be section of 
the limb, at the level of maxima] width. 3) Mid-upper arm, in medio- 
lateral projection, at a level half-way between acromion and ol^ 
cranon; the measurements of the adipose and muscle layers were made 
along the line perpendicular to tbe long axis of the limb. The bone 
width was measured perpendiculaxly to the long axis of the bone. 

Tbe measurements were taken with a micrometer provided with 
sharp points and reading to 0.1 mm in addition to linear measure¬ 
ments, the projected areas corresponding to tbe different tissues have 
been determined by some authors and cros^sectional areas of *'fat,’' 
muscle and bone were calculated, 

Tbe x-ray technique is especially useful for determining tbe thick¬ 
ness of subcutaneous fat in those areas m whi^ skinfolds cannot be 
measured and which ejdiibit, at the tune, marked individual 
differences. Gam's iliac and mid-trochanteric sites are outstanding 
examples of such sites On tbe leg only tbe medial skinfold 

can be readily measured, and only in men. 

DENsrroMEniY 

Id a physical system conststiog of two compooeots (Mj, M^) of 
known densities (d,, d^), determinatiou of tbe density of die system 
(D) allows the calculation of tbe proptttional masses of the 2 com- 
ponenb m,; -f- m, = 1). Tbe general fonnula may be written 

as follows; 


m, 



Xd> 4 


D (4 - dO (4 - 1) 
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Figure 2. IRustrative euoiples of measuremeuts made on iof(*ti55ue roent* 
genogranu. Next to the skin is the white area of subcutaneous fat. Shaded 
oreos indicate muscles, the while areas between the muscular layers repre* 
sent bones. Limb axes are indicated by long dashes, bone axis of the mid* 
upper ann by .«hort dashes. The lines along which the tneasuremenCs are 

made are soL'd. 


where nij is the mass of the first component (M,) expressed as a 
fraction of the total body mass, M; m, = M,/M. TTie body volume, 
needed in calculatioiw of body density (D = Mass/Volume) can be 
determined by underwater weighing, maJdng correction for the air 
remaining in the lungs and respiratory passages,®* or on the principle 
of inert.gas (helium) dilution.*® But what are the two components, 
M} and M|, into which tlie body can be divided? 
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In the Mioeesote system these two components are 1) the body 
of a ‘‘reference man' (R) defined as a 2S>year old individual whose 
actual weight is identical with the tabolax standard and whose inten¬ 
sity was determined empirically as = L0629 gm./cc.’^ and 2) die 
tissue gained (G) as a result of simple overeatiDg for a period of six 
months, with a d« — 0.943.*^ 

Using diese densities in the general deoskoroetric equation, we 
can calculate the amount (as fractioD of body weight] of tissue similar 
to “G’* that is present in an individual for whom the density was de- 
Cermined; 


t - ^-7S3 - 8.285 

"G” is not a pure fat, as defined chemkaDy (having a density of 
0.9007;^), but an equivalent of a generalized adipose ('obesity”) 
tissue. It was estimated that fat constitutes only about 62 per cent of 
the total weight gain. The fat by whid) a given individual differs 
from the leference man (&Fi aF = 0.62C) can be calculated from 
the fonnula 


Af - ^5*437 - $.108 

For some purposes we wish to estunate not only the differeoce from 
the reference body but die total fat Assuming that toe body of the 
lef erence man contains 14 per ceot of 'fat* (as ether extract), the 
amount of total fat in a given body can be calculated, as fractioD 
of body weight, as follows: 


r - ^a.soi - 3.813 

The derivations of toe formulae have been presented m detail.^*’^ 
Behnke’* operates with toe concept oi the 'fat-free body* (d = 
1.0939} and uses the value of 0.9013 as toe density of fat. For these 
quantitative assumptioiks 


r - 4.904 

METHODS—HTDROMETRT 

Clearly, the technical complexities of determining total body water 
and separating it into two fractions, the extracellular and intracellular, 


a^s INTRODUCTION TO PHYSICAL ANTHROPOLOGY 

are beyond tbe level of an inlrcductoiy presentadon. Yet, Chc basic 
ideas and facN ore simple. 

The water 'spaces” are measured on the principle of dilution. 
Various substances have been used for determination of total body 
water (antipyrine, urea, heavy water-deuterium, water labelled 
with radioactive hydrogen—tritium) and of its extracellular compo¬ 
nent (thiocyanate, correcting the resulting space by a factor of 0.7 to 
obtain the ^tnie” extracellular space). The intraceUular water is com¬ 
puted by difference, Total-EstraceJlular, Advances in methods rnal<e 
it possible to administer orally a test solute (tritium) for the determi¬ 
nation of total body water and to use urine rather than blood serum 
as a sample of body fluids in which the substance was dissolved. This 
makes the hydrometric analysis of body composition more applicable 
to problems in which the physical anthropologist, working as a mem¬ 
ber of a research team, b likely to be interested. 

In the first approximatioD, the body mass (M) can be considered 
as a two-component system: 

M - P + N, 

where F = fat, N = non-fat. Hegarding the N-oomponent as a body 
mass of relatively constant composition, we can calculate its amount 
knowing the fraction (c) of the non-fat portion of the body accounted 
for by water and having determined the total body water (T) of a 
given body. Then > 

T ■ cN, and 



e 


Denoting the reciprocal of c, J. . we may write N = kT. 

Fat b derived by difference. F = M — N. 

Expressing both components as fractions of body weight (f H- n 
= 1) and using the value of the non-fat component calculated from 
total body water, we obtain 

I • 1 - ki 

The values of c as applied to adult man by various authors varied 
between 0.7! and 0.73, yielding k values of 1.41 and 1.37, respectively. 

In a more comprehensive system, involving a larger number ^ 
numerical assumptions, the total body mass (M) may be separated 
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into fat (F), water (T), and two types of Don*fat solids: tbe dry cell 
residue (S) and tbe bone minerals (B) 

m-f+t+s+b 

With M - 

f . ] . t ^ B . b 

In addition to total body water (T), die extracellular water (E) is 
determined, and I, the intraceUular water cwnputed (I = T — E). 
Tbe values of the bone minerals (B) and (he nm'fat noo'watei com¬ 
ponent of tbe ^Wff (S) aie estimated, using tbe intracellular water—a 
measure of the cell mass—as dte reference point: $ = kj; B s k^I. 
In the Minnesota system the eoostants were estimated as 

kj = 0.429, kj = ai34. 

With I - T - B, 

f . I . ( . 0.429 (t-e) - 0.134 SO that in a 
simplified form, f ■ I — 1.5631 -I- O.S63a 

where t = total body water and e = extracellular fluid, both being 
expressed as fractions of body weight: 

T E 

‘"M' ®“5 

METHODS: PBEDiCnON OF TOTAL BODY FAT 
FROM ANTHROPOMETRIC DATA 
The linear somatic and roentgeoographic measurements or areas 
and volumes calculated bom them yield only arelative degree of lean¬ 
ness-fatness of a given individual For some purposes we may wish 
to Imow the total amount of fat This can be done, within die limits 
of uncertainties ioherent in die underlying assumptions (and in 
methods of measuronent), by relating tbe anthropometric data to the 
total body fat. This mdependeot criteii<» can be provided by the 
densitometiic or the hydronetric method. As the numerical interpre¬ 
tations of body density ate open to modification, it is preferable to 
establish the equations for predictmg density and only in the last step 
to convert Ae density values into “total fat* 

Sldnfolds as Predictors of Density 

Equations have been provided, for young and middle-aged men, 
with sfcinfold measurements as predictors and body density as cri¬ 
terion of leanness-fatness.** The study was repeated for young men ” 
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taking into account .'Subsequent rcfinemcnis in techniques for measur¬ 
ing both shinfold thicknesses and body density. Skinfold measure¬ 
ments were made ut a vnriety of sites. Body volume, used for calcu¬ 
lation of body density, w.is determined by underwater weighing. Using 
only those skinfolds which contributed significantly to the efficiency 
of prediction, tlw following multiple regression cquatioo was derived: 

V ^ 1.088408 - .0007123X3 - .OOtNSKX, - .0005513 Xj 

where ^ is the estimated body density (to be converted into the fat 
content of the body), X are the skinfold tlucknesses in millimeters 
taken, respectively, at the chest in the midn:dUary line at the level of 
the xiphoid (X,), at the chest in the juxta*nipple position (Xj), and 
on the dorsum tl>e upper ann at the midpoint between the acromion 
and the olecranon. The values of density should be rounded, following 
the arithmetical manipulations, to 3 decimal places. Prediction equa¬ 
tions based on single skinfolds were also provided. The subjects used 
in this study averaged 22 years In age (range 17 to 25). At ages 
widely differing from that of the sample from which they were 
derived, the prediction equations svill not be strictly valid. 

Roentgenograpbic Predictors of Density 

A similar approach was followed in converting roentgenograpbic 
measurements of subcutaneous fat into density and, finally, into total 
body fat.®^ Equations for predicting body density were calculated for 
the thickness of the skin-plus-subcutaneous layer measured at single 
sites and for the combined lateral-plus-medial or venbal-plus-dorsal 
thicknesses, when available. Zt was noted that in this sample of 
middle-aged men the precision with which the density could be pre¬ 
dicted was not improved when the width of the subcutaneous fat was 
related to stature, Co the bone width of the limb measured on the 
roentgenograms, or to Che vidth of Che bcne-plus-muscle segment 
For 4 locations Che cross-sectional area of the adipose tissue was cal¬ 
culated and expressed as percentage the cross-sectional area of Che 
nonadipose (lean) tissues of the limbs, again without iocreasiog the 
precision with which the density (and thus total fat) could be esti¬ 
mated. 

According to Che available evidence, admittedly limited, measure- 
menCs of the layer of skin with its adjoining adipose tissue made on 
roentgenograms of the extremities do not appear to be more effective 
indicators of the overall leanness-fatness than the direct (skinfold) 
measurements. However, a systematic appraisal in terms of predic- 



BODY COMPOSITION 


661 


Uaa of totfti fat remains to be carried out A comprehensive analysis 
of the value of roentgenographic measuremeDts of body fat should 
include also sites on the trunk, not accessible to the sk^fold-caliper 
technique. Ln setting up the predictioD equations proper attention 
should bo given to factors of age and sex. 

Koentgenographic Appraisal of Adipose Tissue 

Cam took die roeatgecogr ammelri c bull by the horns and at* 
tempted to arrive in simpler ways at the total amount of body "fat.” ^ 
For these purposes be ooosidered, in Bchnke*s footsteps, the body 
mass (M) as consisting of **fat* (A) and 'fat free” weight (L): 

M - A + L 

The symbols were supplied by the present writer in die hope of 
making the matters clearer. Gam’s Tat* is not the fat defined as 
ether extract and, consequently, all comparisons with the results of 
densitometric and bydrometric analyses, operating with chemically 
defined fat, are out of order. Hie symbol A indicates that we deal 
prindpaDy with the anatomist’s adipose tissue. T stands for *lean 
body mass,* a concept more appropriate than Tit*free mass” for 
Cam’s purposes. The basic step is the derivation of a simple equation 
for predicting total body weight (II) from roentgenographic thick¬ 
nesses (X) of die layer of skin plus subcutaneous adipose tissue: 

9^ - a + bX 

The value 'a* defines body M, for X = 0, that is the "lean 
body mass” (L) d the group. Ibe constant *b* is the slope of the line 
of the best fit and bX, defines the amount of roentgenographic Tat” 
in a given mdividua] (F “ bX,). In otber words. Cam obtains an 
estimate of the weight of *fat,” in kdograms, for an individual by 
multiplying the roentgenograi^nc measui^ent (X|) by the con¬ 
stant b. 

He uses die value of calculated fat (F) in con/unction with the 
actual body weight of an individual (M). where 

M • F + t 

and defines 

L - M - P 

Gam uses as predictors of weight the thickne&s of the iliac-crest 
Tat” for females and of the mid-trochanteric *lat” for males. A de- 
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r—— 

Trad^ 

ApprttUka 

A Gyntnosf 

Bvueiated 

Woman 

06«se 

Woman 

Hti^t, cm. 

Body woi|ht, ka. 

166.9 

57.3 

169.8 

72.0 

160.2 

29.6 

158 0 
90.0 

Skeleton, kg. 

MuBclca, kg. 

Skin and fat. kg. 
Remainder, kg. 

10.4 

24.5 

10.9 

11.6 

13.0 

84.6 

9.5 

14.9 

6.4 

J2.7 

2.7 

16.6 

3.0 

18.6 

47.7 

15.4 


tailed appraisal of Gam’s approach and its limitations is beyond the 
scope of this presentation. Perhaps the really important point is the 
theoretical possibility of providing estimates of body composition (in 
terms of adipose tissue, muscle and shelelon or fat, protein, and bone 
mineral) on the basis of suiUble roentgenograms, especially when 
considered in conjunction with methods allowing us to separate the 
total body weight into its principal components. 

SOME APPLICATIONS 

Because of space limitations, only illustrative findings svill be cited 
in a limited range of topics: body build, age and sex, and Dutrition. 

Body Build 

Human physique has several aspects—size, form, and composition. 
Differences In size are obvious and biologically as well as socially 
important, so obvious, indeed, that tiiey have been completely left 
out of some of the typological systems that achieved wide populanty- 
Body form, a characteristic that attracted most attention, is the re¬ 
sultant of skeletal proportions and of the amount end distribuion of 
soft tissues, especially of muscles and subcutaneous adipose tissue. It 
has been the perennial plague of this sector of physical anthropobgy 
that typological “systems" were springing, ready-made, out of the 
heads of their creators. A facile synthesis tended to precede a solid 
analysis. Flashes of genius were more conspicuous than hard, bio¬ 
logically sound exploration of the basic variables and their interrela¬ 
tions. 

When one looks at a cornel and at Nilotic (Sanga) cattle one can 
readily observe that both have a “hump.” This is as far as one can 
go, somatoscopically. Yet, these similarities are grossly deceptive: in 
one case we are locking at a fat-storing hump, in the other case at a 
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Boot CowpotrBns, as Pucs^rrAas or Root WBiofrr 



Tndt 

AppmUctt 

A Gfmtetl 

giMeiofeci 

Woman 

Obm 

TFemon 

Skeleton 

18.1 

18.1 

91.8 

9.0 

Musclee 

48.8 

4S.0 

33.3 

20.9 

Skin tad fat 

19.0 

13.1 

6.9 

52.0 

Remaiiukr 

20. ( 

30.8 

39.6 

ir.2 


purely muscuJax duckenicig i& tbe c^vicodwracic region. 'Hus brief 
excursion into tbe zoological realm should eocoorage us to pause and 
to evaluate more rigorously the validity of sonutoscopic ratings in man. 

Somatcmetric EitmutUa of Body Components 

In Matieg):a s (i^i) system tbe human (^ysique was character¬ 
ized in terms of the masses of the principal compartments, anatomically 
defined (skeletcm, muscles, skin plus subeutanemis fat) and estimated 
on the basis of body measurements.* This represents a fundamentally 
sound, though not exhaustive, approach to the complex problem of 
body build, emphasiring body cmaposition as its miciaJ facet. It may 
be of interest to present a sample o£ the data obtained by Matiegka 
for a group of L2 apprentices, a gymnast, an emadated and an obese 
woman. Tbe absolute values of the estimated body components are 
given in Table 7. For purposes of comparison, the components may 
be expressed as percentages of body weight (Table S), or, preferably, 
in terms of the Nvei^ of the sleWtoo as tbe reference point (Table 9). 

ReUsiive Dovelopmeni of Adipose Tissue end Musculature 

Matiegka’s approach was “oo the books* but it largely remained 
there. McCby (1936) was aware of Matiegka’s efforts to evaluate 
the amount of tbe various components tnakiog up the body but cited 
him as a measurer of skinfolds ^ Significant impetus to 
the measurement of subcutaneous fat in children was given by Fran* 
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zcn*^ 5ind a series of shidies on suBciifancous tissue wns undertaken 
at the Iowa Child Welfare Research Station in the thirties. Total 
fat" was obtained as the sum of skinfoJd tluckiiesses measvtred at 
various sites. In one study the sklnfokl measurements were averaged 
and the individual deviations from the nonn were multiplied by the 
computed surface area of the body in order to obtain a rough measure 
of the volume of fat over or under the norm. The matter of norms was 
considered in the second volume of McCloy's treatise on the appraisal 
of physical sUtus.®* The development of the musculature was assessed 
in two ways, in terms of the relative limb girths {without correction 
for subcfitaueotis fat) and of performance on strength tests. The 
norms covered childhood and adolescence (4 to 17 years) and were 
extended to college men and women. 

Vaual Approval of Body Types 

The system of “body typing" that was most influential in the last 
hvo decades was developed by W, C. Sheldon,*® Man's physique is 
characterized in terms of 3 “components* rated at a scale from 1 
(minimum) to 7 (maximum): endomorphy, mesomorphy and eclo- 
morphy. These components were derived from the study of photo¬ 
graphs, conceptually far from tlie anatomist's dissection table. Sheldon 
strives for an assessment of an indivi dual’s “somatotype” wluch would 
closely approach the “morphogenotype" and» by definition, would 
represent a permanent characteristic of an individual. He would ob¬ 
ject to defining ‘'endomorphy" simply as an anthropomorphic estimate 
of the amount of fat. The fact remains, and it is an important fact, 
that variations in endomorphy ratings are associated with individual 
differeoces in the density of the human body, a measure of the total 
fat content. 

At the Laboratory of Physiological Hygiene, University of Minne¬ 
sota, a group of young men were measured and photographed under 
control conditions and after losing one-fourth of their body weight. 
Two independent sets of ratings of the soraatotype were obtained.*^ 
Combining all the available information (2 sets of ratings for the 2 
conditions), an equation for predicting density (and thus total body 
fat) from ratings of endomorphy was calculated.^* The data relating 
endomoqshy ratings to density and body fat are given in Table 10. 

Sheldon would probably criticize the authors of the ratings in that 
they have uol taken into account adequately the “nutritional status’ 
of the subjects. To us the fact is important that ''endomorphy’’ rat¬ 
ings, made by competent investigators (including Sheldon’s long-time 
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associates, especiaUy Dvpcrtuis,**) correlate with tlie Jensitometric 
estimates of ^ fat eoatent Tbis I'aises iMpes (hat it wiU be possible 
to turn the tables ajid to dev^p a system of somatoscopic ratmgs 
aad of TDeasuremeDts made od standardized photographs which will 
be based on and validated by mediods yielding independent criteria 
of adipose, muscular, and skeletal masses <x at least linear indicators 
of such masses. 

Parnell’s scheme, re^^esentiog a combinatioa of physical anthro* 
pology and photography, is a step in this direction.''** Hje use of 
somatometric data should help to provide a more precise definition 
of the “components* and add objectivity that is ladong when photo* 
scopy is used alone. The body measurements include height, weight, a 
height-weight ratio (height/^ ~weight), biepicondylar measurements 
of humerus and femur as indicators of lateral b«)y dimensions of the 
extremities, two limb girtbs--upper arm and 3 sldnfolds (sub- 
scapular, suprailiac, on the hade of the upper arm) and their total, 
and 4 trunk measurements (biacromial and bi-0ac width, chest width 
and chest depth). 

The autiior aims to approach as closely as possible Sheldon’s 
estimates of somatotypes but be has replaced the terms endomorphy, 
mesomorphy and ectomorphy by Fat, Muscularity and Linearity. 

Lindegir^s Differential Somatologif 

In Sweden, Lindeg&rd ** developed a system to which be refers 
as “differential somatology* (differential morphology) and which is 
sound in principle d)ough d)e details, mduding the selectioa of the 
actual measurements and definition of body-btilld *'fa ctois ,* may 
be open to discussion. The system operates with variables chosen 
to reflect the individual variation in 4 aspects of physique: 1) body 
length (length of radius and tibia), 2) skeletal sturdiness (bicondylar 
breadths), 3) muscular development (from dyoamcxaetric data on 
grip strength, shoulder thrust axtd shoulder pull) and 4) adiposity, 
evaluated as a deviation of the achul from the predicted value of 
body wei^it or ertremital gir^, keeping other relevant features of 
body-build constant, or, more recently, from skinfolds. The basic 
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variables (‘'factors") are presented in the form of a “body-build dia¬ 
gram" with gi'oup means as reference points and standard deviations 
as units of measuremeut 

Tbe combination of functional criteria (performance on tests or 
strength), used in assessment of “muscularity." in conjunction wiA 
morphologicaJ criteria on the basis of which the other body-build vari¬ 
ables are defined, is undesirable, and, most likely, unnecessary. Meas¬ 
urements of the circumference of the extremities, together with skin- 
folds determined at the same level (perhaps with bicondylar diameters 
and a length factor added for a good measure) provide usable 
morphological indicators of muscular development, at least for the 
extremities. 

Lindeg&rd and his co-woAers investigated the variables going 
into tbe system of classifying physiques and related the somatic in¬ 
dividual differences to a variety of morphological, endocrmological 
and behavioral characteristics.*^* They studied the distribution of sub¬ 
cutaneous fat and confirmed, using skinfolds measured at 10 sites, 
the presence of a continuum of interindividual differences in the 
proportion of the deposits of subcutaneous fat in the trunk and ex¬ 
tremities (cf. B. Skerlj’s Truncic-Extiemital Vector).*® Muscularity, 
assessed on the basis of dynamometric recordings, was examined in 
reference to physical activity and relations between body build and 
selected male sex characteristics, such as genital size and trunk hair, 
were studied. 

Body Budd and Body Tunotions 

It is not feasible to present here in detail the data on the co-varia¬ 
tion of body build, with its description anchored in body composition, 
with other somatic, biochemical, and bebavioxal characteristics. One 
or two examples must suffice. 

In comparing iodividuaJs, we wish at times to eliminate the effect 
of absolute body size. In physiological and biochemical studies, the 
surface area of the body was found to be a useful point of reference. 
Behnke,** at the very outset of modem investigations on body compo¬ 
sition, expressed the hope that ‘lean body mass'* would be a better 
reference for sucli biologically important functions as basal oxygen 
consumption (basal metabolism) or blood volume. This possibility 
was confirmed in a study on cardiac function and body composition.*’ 
Thus differences in 'lean body mass'* accounted for about twice as 
much (55S) of the individual variation in cardiac output as body 
weight (25^), body surface being intermediate in this respect (3d%). 
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Fatterm of Soft~Tia9ue Distribution 

Id addition to tiie amount of body fat (and ojuscles), anthropolo¬ 
gists have been interested in potttrrts of the distribution of soft tissues. 
The distribution may refer to the separation of the total into the sub¬ 
cutaneous and the inner fraction. There are some indications that 
these two fractions do not remain constant throughout the life span. 
In the process of aging the ^internal*' fat, contained in the various 
fat depots (perirenal, pericardial, mesenteric, omental), and within 
the muscles, appears to increase not only absolutely, as does the sub' 
cutaneous fat, but also relatively. 

From the point of view of characterizing body build, the pattern 
of the distributioo of the subcutaneous fat over the body surface is 
important.^* In order to portray this component of body form, die 
number of sites should be larger than when we are concerned with 
the overall leanness-fatness. For this purpose it is desirable to supple¬ 
ment skinfold measurements by soft-tissue roentgenograms of those 
regions, such as the trochanteric region or the thigh, which are not 
suitable for skinfold measurements but which show marked individuaJ 
differences. It is of some interest that the pattern of thicknesses of 
subcutaneous fat remains fairly stable when the total size of the fat 
stores in the body changes.^®' 

Age and Sex 

At least during certain phases of the life cycle, age and sex '‘inter' 
act": the changes in body composition with age are divergent, not 
parallel, for the male and female of the human species. 

This was shown on the basis of roentgenographic measurements 
of the thickness of subcutaneous adipose tissue, Ihe “outer fat" was 
measured on the lower thorax. The age trends, using median rather 
than average values because of the marked skewness of the fat'distri* 
butions, are indicated in Figure 3. 

At die age of 6 years the fat layer is somewhat thicker in girls. 
This difference of about 1 mm. is maintained, on the absolute basis, 
from the 6th to the lltb year, a period in which there is a parallel 
increase in fat on the lower thorax in both sexes. From the llth to 
the 18th year the fat on die lower thorax continued to increase in 
girls, up to a value of 9 nun,, while in boys the fat thickness became 
stabilized during this period at about 4.5 mm. 

Suggestive evidence of tbe substantial differences in the fat con¬ 
tent of adult men and women was provided by a co-worker of B. £. 
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ACE IN YEARS 

P"igure 3. Continuous increase In lower thoracic (LT) fat in girls and 
parallel increase in boys, terminating at 11.5 years. By 14.5 years the adult 
female/male ratio of 180 per cent has been attained.** 


ScanuDon at Minnesota.'^^ The data are given in Table ll. The weight 
of the skin is somewhat larger in men than in women, as would be 
expected. When the skin weight is used as the reference point, it be¬ 
comes clearly evident that women liave substantially larger deposits 
of subcutaneous adipose tissue than men. In view of the small num¬ 
ber of observations these data would be of little relevance were they 
not confirmed by much other evidence (see, e.g., **). 

Densitometxic studies indicate that both men •* and women ex- 
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hibit a marked mcreare m the fat content with age. The striking sex 
difference is maintained throughout the period of maturity. The data 
are summari 2 ed in Table 12. 

The downward age trends in the density of both sexes are unmis¬ 
takable and are due> to a very large degree, to the accumulation of 
body fat. The numerical interpretation of this trend in terms of the 
fat content is somewhat uncertain, especially as far as the calculation 
of fat percentages for women is concerned. Nevertheless, the existence 
of substantial sex differences in fatness and die presence of fat gains 
in the process of aging at least In the U.S, may be regarded as well 
established. 

Nutrition 

The potential impact of diet on physique has been brought out 

TABLE 12 

Ace, StfX, Density and F^HTiMATen Eat Content, as Paa Cent or 
Body Wbiost (**, “) 


Mm 


N 

SI 

S6 

ts 


Si 

Age range 

Mean age, rears 

Relative body weight, % 

l»-22 

23-’29 

46-47 

4&42 

53-67 

20.S 

25.2 

46.0 

60.0 

64.6 

100.0 

99.9 

100.2 

99.9 

100.2 

Deasity 

Pit, % 

1.072 

1.053 

l.(U7 

1.044 

1.041 

11 

14 

20 

21 

22 


W<men 





A' 


SS 

19 

SO 


Ate range 

Mean age, yean 

Relative body weithh % 


18-30 

31-46 

46-67 



24.2 

39.1 

66.0 



93.1 

07.3 

05.3 


De^iAty 

Fa(, % 


1.040 

1.027 

1.016 



23 

28 

82 




ff70 INTRODlfCTlON TO PHYSICAL ANTHROPOLOGY 

TABLE 13 

Calowc liQirivAUCNiw oy WwanT losg» (Cau/ko) at ri?KBBSNT 
]p4tK&VAI£ CaI/OIUC Rfi»TfclCTIO« 


Biperifnfnt 


CoUrie tnio/cc, 
CaL/day 


IS 


Period, Dnjft 
7.1S IMS 


'S3 

'5i 


&80 

1010 


399S 

2K)d 


j-r_ 

i290 


7043 


ts-u 


8700 


diamaticaUy by animal studies: Different -planes of nutrition" not 
only produce animals of greatly different weights at tiw same H®’ 
but also of vastly different conformation and composition. This 
fact is of basic importance for a reassessment of the concept of ^ 
netically detcrniined body build" and brings out its limitations. The 
matter is so important, even thougli we admittedly deal with extreme 
rarely if ever found in human nutrition, that the findings should be 
cited in full: “In general, cattle reared on a low pbne of nutrito 
retain juvenile form; they are leggy, narrow and shallw m the 
body, especially in the hind quarters, with long, large heads, as com¬ 
pared with animals of the same breed, even identical twins, which 
are reared on a high plane of nutrition. As in sheep, limited nutritive 
supply largely inhibits the normal development of secondary sexual 
characters’* The principal tissues as well as the various 

internal organs are affected to a different degree by the restriction of 
the nutritive supply, fat depots being affect^ most, the central ner¬ 
vous system least. 

When studied over a period of time, the adult human body—its 
weight and its composition—will reflect the supply of nutrients rela¬ 
tive to the physiological requirements. Consequently, gross body 
composition may be used as a measure, partial and incomplete, to be 
sure, of “nutritional status" When the food intake exceeds the cabric 
needs, the excess calories are stored in the body in the form of body 
fat. When the caloric requirements exceed the supply, the body must 
cover the deficit from its own stores. Actually, under these conditions, 
the changes in body composition are quite complex, depending on the 
rate and duration of the positive or negative energy “balance,’* and 
on the availability of other nutrients which affect food utilization or 
water storage. 

Comp<f9iiion of Eapid Wetgfii Loss or Weigh* Gain 

Dramatic changes in the composition of tissues lost when normal 
young men performed work on low cabrie carbohydrate diets are 
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portrayed in Table 13, These data were obtained in the course of 
2 studies during which 6 men were maintained for 12 days on 580 
calories per day and 13 men were given daily 1010 calories for a 
total of 24 days. The actual daily caloric expenditure was about 3200 
cal./day.*^ 

The caloric deficit was defined as the difference between the caloric 
equivalent of the food eaten and the energy e>:pended over a specified 
period. The ratio of die caloric deficit to die weight lost, indicating 
the caloric value of the weight loss, changes progressively in the 
course of caloric restriction. The daily negative energy balance (caloric 
deficit) decreased only moderately, from about 1880 cal, on the sixth 
day of the '54 experiment to 1420 on the 24th day. In the first days 
of restriction the weight losses were relatively large, so that the calorie 
equivalents (A calories/A weight) were low. This clearly indicates a 
large proportion of materials, principally water, that were present 
in the weight loss but yielded relatively little or no energy. As re* 
striction progressed, larger and larger proportions of the weight loss 
corresponded to materials yielding large amounts of energy per unit 
of weight, principally fat (Table 13). Oridation of fat alone would 
be expected to yield about &450 calories per kilogram of fat oxidized. 

During refeeding the trend was reversed. A large part of the early 
gain was again made up of water. Toward the end of the recovery 
period it appears that fat and protein must have been stored in the 
body in spite of the fact that no net gain in body weight was ob* 
served at that time. It is probable that during this period the actual 
gain of fat (and protein), reflecting the clearly established positive 
energy (and nitrogen) balance, was masked by a concurrent loss of 
body water. 

There is no doubt about the qualitative character of the changes 

TABLE 14 

CoHPoainON or Mean Daily Wbiokt LoMsa at DirraaEirT Peafoae or the 
'Si Expaaiwai«T ^ Estiuated st ComitnHO Data on WsroBT Lo&sm wne 
DvraMcn/ATlONS or Enebot Balance and UelSNabt NlTaOQBN Exceetion 
(Used tor Coupotation op the AyooNT or Protein ttut waj Oxjdiibd) 

Pffiod ef CaMc Rttlncticn, Da^t 



Ifc9 

// to IS 

tS to ti 

Weight loM/day, kg. 

C.fiOO 

0.28S 

0.167 

Fat 

29 

69 

85 

Protaia 

$ 

12 

15 

Water 

70 

19 

0 
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TAlUJi 16 

Mimm Hoot Wbioht, IS' Ko., *NU BoDir r)RS9i^ IN 

OH PKt.LOHOe^ Cai/UUC IU.*T«ICriOK (S) AN» cS tHB ' 

ThK NVM»BW FOM/iWlNt. THB P«*Cf>l> byuHOI* (R.G., SI2yNPIC*« THB 
^l•rlu«fyAW Wrbk Dx'wsa Whic-m tiib Mkasi bsmbsto Wkrb Madb. 


/'«W 


CofUrni 


Sl2 


.V4 


Wfishi 

li^pnniiv 


1.067 


57.77 
1.080 


53.66 

1.085 


R12 

50,76 

1.074 


in the ctunposition of the wight bss. computed on the hssU of figures 
for energy expenditure and food intake. Is it possible to esh'mate the 
actual composition of the weight loss? 

Tlie results of such an analysis are presented in Table 14. The 
weight loss per day decreased by the 24th day to less than on^fotirth 
of the initial daily wight decrement At the same time, the com¬ 
position changed profoundly, especially as far as the proportions of 
water and fat are concerned. 

These results arc presented here for three reasons: 

1) To indicate the complexity of what might appear as a simple prob¬ 
lem of rapid weight loss or weight gain. 

2) To point out the changing composition of the wight gained or 
lost at different periods of caloric restriction or refeeding. 

3) To stress the occasional necessity, without going into the details 
of methodology, of comhiDing anthropometric data with informa¬ 
tion obtained by the physiologist (energy expenditure) and the 
biochemist (amount of protein oadiied). i.e. the necessity of inter¬ 
disciplinary (teem) research, 

Effects of Prolonged Cahrio Restriction and Befeeding 

Profound cliaoges in body weight, in physical appearance, external 
dimensions, and io body composition were observed in 32 young men, 
all volimtcers. in the course of 24 weeks of caloric restriction, result¬ 
ing in the loss of about oac-quarter of the control body weightThe 
period of follow-up studies during refeeding extended, for different 
individuals, from 12 to 58 weeks, 

The values of body weight, in kg., and of body density during 
tlie control period (C), after 12 and 24 weeks of caloric restric¬ 
tion (S), and 12 weeks of refeeding (R) are given for the group of 
32 subjects in Tabic 15. Tlte trends noted during restriction (decrease 
in weight, rise in body density) are reversed during nutritional re- 
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habilitation The tabular values were not c«orrc*ctecl either for increased 
liydraHon (expansion of the extracellular fluid), manifest in a large 
number of .subjects as a chnically recognizable eclfma, or for the 
relative increase in the bony mass. The numerical interpretation of 
density in terms of body fat under these conditions is anything but a 
straightforward matter.®® However, the trends in density are in agree¬ 
ment with the body measurements. 

Photographs, tajeen under the direction of the present writer, were 
measured by G. Lasker and somatotyped by inspection at the Har¬ 
vard AnthropomeMc Laboratory in cooperation with James M. An¬ 
drews IV. Both sets of ratings confirm the decrement in “roundedness" 
(endomorphy) and increase in Tinearity" (ectomorphy) (Table 16). 

The body dimensions that showed substantia] changes as a result 
of caloric restriction are presented in Table 17 for a typical subject.®^ 
They indicate the rapid growth of soft-tissues, principally the sub¬ 
cutaneous fat, during the 12th to 20th week of refeeding (RlS to R20) 
when all imposed restrictions on caloric intake were removed. At 
R16 the abdominal dreumference exceeded the control value although 
the weight barely reached the control level. Changes in abdominal 
circumference paralleled the alterations in body fat estimated from 
density. The weight (and tire abdominal circumference) continued 
to increase and by R33 body weight exceeded die control level by 
almost 10 kg. 

Data for subjects measured at R58 indicated a tendency toward 
return to pre-ezperimental values of body weight and body composi¬ 
tion, even though the fat content was stUl somewhat elevated. The 
overall trend of changes in body fat, expressed as percentages of the 


TABLE 18 

AvRaAOB CiuNCBa in SaaiaoN’s *'OoMPomNT«” or Ktiiun ParsiQue 
ItESTJiTiNa moM PaoLOKOsb Calobjo CsRtcrr 


Jialinfft Ba*e4 on ^fs<uuTcmenU of Photographs 


Poriod 

Biuiomorphy 

Mssomorpks 

Setonorphy 

Bafon (C) 

8.38 

3.78 

3.23 

After (S24) 

l.« 

2.05 

5.38 

Difference 

-1.72 

-1,73 

-i-2,70 


PaUngt Basod 

on Somaioaeopio Appraitai 


Endomorphy 

hlstemorphy 

Bdomorphs 

Before (C) 

3.47 

3.04 

3.42 

After {&) 

1.82 

2.31 

5.71 

Difference 

-1 66 

-M8 

4-2 2U 
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TABLE 17 


WOGHT AMO DOOY DlMliN8l05R, M CU.. OF A TlPpl. 

8op Caloric Dbficibkcy, R-Wbbwj of KKFmsDJMO 



C 
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Bideiioid diameter 

64.7 

43.2 

55.8 

40.0 

62.1 

86.0 

54.2 

40.0 

64.5 

48.4 

Cireumfercnces; 






Chest 

87.1 

80.6 

79,1 

73,6 

81.0 

Abdoman 

75.4 

70.5 

70.8* 

Ugper Ana 

Sir 

26.6 

45.7 

24,0 

40.6 

21.5 

86.8 

22.8 

39.2 

27.3 

45.4 

87.5 

85.1 

34.0 

34.5 

37.8 




68 . 

44.8 


82.8 

28.6 

47.4 

88.2 


less 


74.1 




control value, is summarized in Table 18. The fat percentages repre 
sent only approximate values. 

Who is Fat? 

The fat content of the human body varies widely, although the 
full range is not well known, Tliere are tlie habitually very thin iudi- 
viduais who sink i^adlly (“swim like the bricklayer’s chip,” to use a 
Czech saying), with body densities exceeding 1.09, and skinfolds not 
much thicker than the double-thickness of the skin itself. On the 
other extreme there are the gi«sly obese individuals, with stores of 
adipose tissue approaching or exceeding the Tean” body weight, and 
effortlessly floating in water. 

As to the procedures, all the approaches reviewed in the section 
on Methods are relevant, and others might be readily added (such 
as measurements of the depth of skin plus subcutaneous tissue in 
cadavers on cuts made to the underlying bony or muscular tissues )- 
What is needed is 1) provision of a^quate norms and 2) appraisal 
of the significance of the deviations—positive and negative, large and 
small, at different ages—from the norm. 


TAB1J5 18 

Apfroxiifativk RauTtvB Vau w of DfiKaiTOMETtiCALLT EenMATBi} BoDV Pat, 
AS PaaesMTAGB of tub Cowtml Vavub. S^Wewa or Calomc RaerRicnoN, 
RoIV'bbkx of Rkfebpimo. The Vauiro arc Basso on thb Maxihuu Numbes 
OF ^usjsrm Avaiuablb Durino a Givsn Pbrioo 
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32 

32 

32 

■1 

12 

6 

8 
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46 

31 

65 

126 
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The mortality experieoce of the insurance companies, based on 
body weight and height (see. e.g., 62) will be supplemented, in time, 
by data on morbidity obtained in cross-sectional investigations and in 
a handful of important longitudioal studies that are underway. The 
clarification of die relations between various criteria of health and the 
deviations from weight norms (obtained with due regard to skeletal 
body build), body composition (assessed on the basis of somatic and 
roentgenograpbic measures) and other aspects of body build is one 
of the ma]Or challenges to physical anthropologists of the years 1960 
plus, 
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APPENDIX C 

GENE AND GENOTYPE EQUILIBRIA, POPULA- 
TIONS AND GENES, THE HARDY- 
WEINBERG LAW 

One branch of geDcMc* studies the distribuHon and movement oi 
genes (gene flow) in populaMons, Here die geneticist and physical 
anthropologist have similar interests and problems. The population 
geneticist is concerned with all those conditions that govern gene 
distributions and their changes. The ‘'conditions" refer to such facton 
« size of population, degree of isolation from other populations, forms 
of mating or mamage-regulations, differential migration (omigration 
and immigration), mutation, selection, and hybridization. 

In the course of the history of virtually every population all these 
factors tend to be operative, and as we have seen in Chapter VI it 
IS highly probable that every one of these factors, to varying extents, 
has contributed to the differences in gene frequeodes which exist for 
some traits in different populations. 

In the absence of the modifying conditions mentioned above, and 
frequently in their presence, the genetic structure of a population, 
that is to say the frequency distribution of its genes, tends to remain 
stable. The same proportions of the same genes tend to reappear gen¬ 
eration after generation. Such a genetically stable population is said 
to be in equilibrium. 

In large populations mating is usually random in respect of any 
particular gene, and this is what is meant when we speak of random 
mating—and noi that individuals choose their mates at random, a 
condition that applies in no human sodety. The technical term for 
random mating is panmixia, a random mating population is said to 
be panmictic. 

In a large panmicUc population in which the pressures of rauta- 

and selection, or other factors having similar effects upon gene 
frequendes, are absent or low, genotype frequencies, after the first 
^aeration of random mating, will remain indefinitely unchanged. 
This phenomenon is knosvn as the Hardy-Weinberg Law (or Hardy- 
Weinberg Equilibrium), a law independently worked out in 1908 
by ffje English mathematidan G. H, Hardy and the German physician 
W. Weinberg. 
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In spite of tltree soT^e^vhat unreal a&$uinptioo5> oamely, infinite 
popubtions, low mutation, and little sclectioo, the HardyAVeinberg 
Law is found to work with remarkable prccisiou in real finite popula* 
dons. Not only this, it is a tool of considerable heuristic value, for 
when it is found not to work it may at once be suspected that we are 
dealing with a population in which special conditions prevail, such as 
isolating barriers between segments of the population which prevent 
free interbreeding within it. With the removal of such reproductively 
isolating barriers the Hardy-Weinberg Law would be found to hold 
true. 

We shall take as a simple example of the maoxier io which the 
Hardy-Weinberg Law works a population in which there is random 
mating in respect of two autosomal alleles A and a. The frequencies 
of these alleles Is 50 per cent each. Remembering that it is not 
phenotypes that are so much involved as the gametes, that is, the eggs 
and sperms, half of the eggs will carry A and half a, and so will the 
sperms. The results of the random combination of such eggs and 
sperms In the zygotes may be determined from Table LVIII. From 
this will be seen that the frequencies of the alleles A and c remain 
unchanged at SO per cent each, Hth of the individuals will be AA. 


■ p*AA + 3pqAa + 
or, in the exirapJc pvon in ihe lesf, 

» A /4 + An + H 


TftW<‘ f.VICI. The muatetunr*' of p*fiotyj»p equilibrium. The Hnrdy-Weinbei^ I*w'. 

Matings at random between the members of this population, and 
the offspring of such marriages, with respect to the genes A and a, 
will yield 9 possible matings, and precisely the same proportions of 
genotypes as existed in the parental population, as shown in Table 
LIX. 

With special exceptions the Hardy-Weinberg Law applies to all 
populations, however unequal the frequencies of certain genes may 
be. It can, therefore, be generalized in tlie binomial (p -f- q)*, where 
p equals the frequency of A, and q equals the frequency of its allele 
and p -f- q :s 1 , Hie genotype frequencies in each generation equal 


A Ac, and another Wth aa. 
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V I’oeaihk MaUuea 

^AAXAA 
HAA X Aa 
HAa X AA 
Vr AA X aa 
H Aa X An 
i^Ao X AA 
^Ati X aa 
X An 
A X ftfl 

FroportMn of sninc to'ttolypcv 

Ttblu LIX. Th« proportioiui of 
gen«t A and «. 
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Offxprinf of 9 Matingn 

■HAA 

iiAA 

itAA A Aft 
A An 

AAA HAft i,an 
V« An 

A Art i*! w 
A Aft A 

_ A"^ 

H AA + a Aa + H 0 ^ 


freriotyp€4 in 0 poMbte n^Minge of iDdividoalx uith 


fpA + qa)- = p 2 AA + 2 pqAd + which is pi’^ciscl/ wixtt we 
fouod in Tables LVIII and LIX for the special cose of p = q = A. 
A similar formula may be derived for lod with more than two alleles. 

The Hardy-Weinberg Law explains how it comes about that 
the genotypic frequencies for such traits as brown eyes and blue eyes, 
for tasting and non*tasting, the blood groups, and all similar traits 
dependent upon contrasting alleles are likely to be maintained in the 
same proportions generation after generation. 

It should at once be evident then, why statements to the effect 
that brown eyes being dominant over blue, die former must eventually 
swamp the latter, or that the higher frequency of brachycephaly in 
certain populations is due to the dominance of the alleles for this 
trait, are erroneous. The error committed is tbs assumption that the 
numerical frequency of any trait in a population represents a reflec¬ 
tion of the number of dominant alleles conditioning the trait. 

The fact, however, is that phenotypic frequency has no necessary 
relation to either the dominance or the recessiveness of alleles. Domi¬ 
nance and recessiveness refer only to the expression of the alleles in 
individuals possessing them. Hie frequency of any phenotype in a 
popuifldon is related to the frequency of the allele controlUag it, 
regardless of that allele’s dominance or recessiveness. There are nu¬ 
merous conditions in man which are due to a dominant allele, but 
those conditions are rare in man, simply because the dominant gene 
is much leas frequent than its normal alternative. Examples are par¬ 
tial albinism, the sickle-cell trait, achondroplasia, and parietal fora¬ 
mina of the abnormal type.* 

In the case of the alleles for tasting and non-tasting, we have al¬ 
ready seen in Chapter VI that tasting is dependent upon a single 

*For other examples see Ashley Monfagu. /jvman Horadity, pp.326-348. 
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dominajit gene T, and non*h«ting upon hvo recessive genes it. The 
distribution of these genes in any population will invariably be found 
to follow the Hardy*Weinberg Law. 

Dominant alleles in toy population do not tend to replace re* 
cessive aUeles. The frequency of an allele in a population is not de* 
tennined by its being either dominant or recessive, but largely by 
the fact of its being of greater or lesser selective value. 

Ibe Hardy-Weinberg Law states tliat regardless of past history, 
random mating for one generation yields genotypic frequencies in 
die proportions p* : 2pq ; q*. 

Gene frequency can be at equilibrium in the sense that p does 
not change from generation to generation in a nurnber of circum* 
stances, such, for example, as the following: 

1, No nUction. Mutation in oppofite directions. In the absence 
of selection the frequency of a gene will depend upon relative rates 
of mutation in favorable and unfavorable directions. 

2, Selection in opposite direction from mviation. A gene may be 
in process of elimination from a population, Init persists within that 
population because the rate of elimination of the gene by selection 
is equal to the rate at which the gene is being reintroduced into the 
population by mutation. 

3- Heterozygote superior to both homozygotes. This is well illus¬ 
trated by the case of the sickle-cell trait in which tire heteroiygote 
AS is superior to the normal homozygote AA and the sickle cell anemia 
homozygote SS (see p. 374). 

4. Diversity of niches or environments. If the environment is not 
uniform over the area occupied by a population, different genotypes 
may have different fitnesses in each phase of the environment. In 
which case polymorphism (gene equilibrium) may be preserved pro* 
vided the heterozygotes are more efficient over a wider range of en¬ 
vironments dian the homozygotea, 

5. Compensation effect: more chtidren bom in families with de¬ 
fectives. Where the hoinozygote recessive is defective, there appears 
to be a tendency in the families involved to have more children than 
normal, and more of these tend to be heterozygotes than are produced 
in the general population, a balanced polymorphism can be thus main¬ 
tained. 

6- Dependence of fitness upon gene frequency. When the attrac¬ 
tiveness of blondes depends upon their rarity in the population they 
are at a selective advantage, and therefore increase in number. Should 
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bloudes increase Co be as common as the air, then Phoebe ceases to be 
esteemed fair, and is then at a selective disadvantage, and tends to 
decrease in frequency. At some point in this process genetic eqxulib* 
rium is reached. 

As another illustration of the operation of this factor reference 
may be made to disease. In a large population of susceptible indi¬ 
viduals an epidemic will spread quite rapidly, and the suscoptibles 
\vill be at a selective disadvantage compared to the immune individuals. 
However, if most of the population is immune the disease will not 
spread readily, and the minority (the susceptible*) will be protected 
by the higlx frequency of immunes, and equililnium will thus be 
maintained. 

7. Sax differenc4S. If selection is difterent in the two sexes gene 
equilibrium may be achieved. For example, in a population in which 
fat women are preferred to svelte ones, and lithe men are preferred 
to somewhat over-upholstered ones, a balanced polymorphism for both 
sexes will be reached. 
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“ETHNIC GROUP” AND “RACE” 

In thb UNESCO Statement on Race pnrngraph 6 reads as follows: 
'National, religious, geographic, linguistic and cultural groups do 
not aecessarily coincide witli racial groups^ and the cidCural traits of 
such groups have no demonstrated connection with racial traits. Be¬ 
cause serious errors of this kind are habitually committed when the 
term ‘race’ is used in popular parlance, it would be better when 
speaking of human races to drop the term 'race' altogether and speak 
of ethnic groupa." It should be noted that there is a clear acknowl¬ 
edgment the existence of human races in this paragraph, and that 
the emphasis is on popular parlance. It is recommended that in the 
universe of popular parlance the term “race” be dropped altogether 
and that we speak of “ethnic groups.” Since races in various bio¬ 
logical senses of the word can be conceived to exist in mao, it would 
seem unnecessary to drop this long-established term in favor of some 
other. The truth, however, is that there are so many different senses 
in which even biologists use the term, that many leading members of 
that profession prefer not to use it at all. Huxley a biologist and 
Haddon a physical anthropologist repudiated the term in 1936.* Cai¬ 
man recommended that the term “variety” should be avoided alto¬ 
gether and suggested that “Other terms such as 'geographical race,' 
‘form,’ ‘phase,’ and so forth, may be useful in particular instances but 
are better not used until some measure of agreement is reached as to 
their precise meaning"* Kalmus writes: "A very important term 
which was originally used in systematics is Vace.' Nowadays, how¬ 
ever, its use is avoided as far as possible in genetics.”* In a more re¬ 
cent work Kalmus writes, "It is customary to discuss the local varieties 
of humanity in terms of ‘race.' However, it is unnecessary to use this 
greatly debased word, since it is easy to describe populations with¬ 
out it."*' G. S. Ciuter, in his book on Animol Evolution, writes that 

' HuxUy and Haddon, We Eoropeatu, pp. 62-83. 

* Caiman, The ClcsHficallon of Animals, p. 14. 

* Kabnus, Genetics, p. 45. 

*• iferci/iti/ etui Vtffletion, p. 30. 
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the terms "Vace/ Variefy,’ and 'form’ are used so loosely and in so 
many senses that it is advisable to avoid using tliem as in&aspecifie 
categories."^ Professor Ernst Hanhait denies that tliere are any “true 
races" in man,® and Professor L. S- Penrose, in a review of Dunn and 
Dobzhaasky's little book Heredity, Race arid Society, writes that he 
is unable to “see the necessity foi die rather apologetic retention of 
the obsolete term ‘race,’ when wbat is meaot is simply a given popula* 
lion differentiated by some social, geographical or gooetical char<icter, 
or .. . merely by a gene frequency peculiarity. The use of die almost 
mystical concept of race makes the presentation of the facts about 
the geographical and linguistic groups . . . unnecessarily compli* 
cuted."« 

In spite of these strictures many biologists will continue to use (he 
term, and if they can use it in an adequately de6ned manner so that 
their meaning can be clearly understood by other scientists, erroneous 
tliough that usage may be, it will be all the more easy for the critic to 
direct attention to the sources of the error. It cannot be too frequently 
emphasized that deiinitions are not to be achieved at the beginning 
of an inquiry but only at the end of one. Such inquiries have not yet 
been completed to the satisfaction of most scientists who have paid 
considered attention to the subject of ‘race.’ The term, therefore, at 
best is at the present time not really allowable on any score in man. One 
may or may not be of the opinion that the term “race" ought to be 
dropped altogether from the vocabulary, because it is so prematurely 
defined and confusing and because biologists and other scientists are 
frequendy guilty of using it mcorredly, and that therefore it would 
be better if they did not lend the aura of their authority to the use 
of so confusing a word. The term ‘'subspecies" has been used as the 
equivalent of the term “race," but Ihii suffers from the same dis* 
advantages, and has been as misused as its equivalent.^ The term 
“race" is so embarrassed by confused and mystical meanings, and has 
so many blots upon its escutcheon, that a discouragement of its use 
would constitute an encouragement to clearer thialopg. 

In opposition to this view a number of objections have been ex¬ 
pressed. One doesn’t change anything by changing names. It’s an 
artful dodge. Why not meet the problem head-on? If, in popular 

* CaxUt, Ansmel Eaekoien. p. 1S3. 

^ H&rihart, is A. Sorsby, CLrdeal p. S45. 

^ Feoros?, Annals of 17;25Z, 1952. 

* Hsll, Zoclogicd subsp«d&s of man at the p»ac« table. /. Sr;358- 

364,1946. 
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uiagi*. tin* term “nice** Inis been bcfoggccl and befouled, wliy not 
cleanse it of fbc sinoR and fbulucss nnd rertore it to its pristine condi* 
lion? Li'*cdiicalion should lx* altiiuptcd by establishing the true 
zneaiiing of ''raw*,'' not !)>' denying its existence. One cannot combat 
racism by enclosing the word in quotes. It is not the word that re¬ 
quires changing but people's ideas about it. It is a common failing 
to argue from the abuse of an idea to its total exclusion. And so on. 

It was Francis Bacon who remarked that truth grosvs more readily 
out of error than it docs out of confusion. The time may come when 
it may be possible for most men to use the term “race" in a legitimate 
scientific sense, with clarity and with reason. But that time is not yet. 
It does not appear to be geoetaJIy realized that while high walla do 
not a prison make, scientific terms are capable of doing so. Until 
people are soundly educated to understand the muddlement of ideas 
which is represented by such terms as “race" they wiU continue to 
Ixfiieve in absurdities. And as Voltaire so acutely remarked, “As long 
as people believe in absurdities they will continue to oomcnit atroci¬ 
ties.*’ Words are what men breathe info them. Men have a strong 
tendency to use words and plirases which cloak the unknown in the 
undefined or undefinable. As Housman put it, “calling in ambiguity 
of language to promote confusion of thought.” * 

The layman’s conception of "race” is so confused and emotionally 
muddled that any ariempt to modify it would seem to be met by 
the greatest obstacle of all, the term “race" itself. This is another 
reason why the attempt to retain the term “race” in popular parlance 
must fail. The term is a trigger word; utter it and a whole series of 
emotionally conditioned responses follow. The phrase “ethnic group” 
suffers from no such defect. If we are to clarify the minds of those 
who think in terms of “race” we must cease using the word primarily 
because in the layman's mind the term defines conditions which do 
not in fact exist. There is no such thing as the kind of “race” in which 
the layman believes. If we are to le-educate him in a sound con¬ 
ception of the meaning of that population or somatological or genetic 
gmtip wliicli we prefer to designate by the general and non-committal 
plirase ethnic group, then it would seem far more reasonable to con¬ 
vey to him the temporariness of the situation svith a general rather 
than with a lurticular term. ITiis is particularly desirable when it is 
sought to remove a prevailing erroneous conception and substitute one 
that clarifies without solidifying. Professor Henry Sigerist has well 
.said that “ it is never sound to continue the use of terminology with 
* Housman. The Nvme and Naiure of f’oatty, p. 31. 
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which the minds oi mOlions of people have been poisoned even when 
the old terms are given new meanings." ® And Professoi' George 
Gaylord Simpson has written, “A word for which everyone has a 
different definition, usually unstated, ceases to serve the function of 
communication and its use results in futile arg^imonts about nothing. 
There is also a sort of Gresham's Law for words; redefine them as wc 
will, their worst or most extreme meaning is almost certain to remain 
current and to tend to drive out the meaning we might prefer."’® 
Bertrand Bussell has suggested that for words that have strong emo* 
tional overtones we should substitute in our arguments tlie lettei'S of 
the alphabet. 

The biologist who has been largely oonceraed with the study of 
animal populations will be likely to take an oversimplified view of 
the problems here involved and to dismiss such attempts at re*educa* 
tion of the layman as unsatisfactory. By substituting one term for 
Hriftther, he will say, one solves nothing. It it quite as possible to 
feel “ethnic group prejudice" as it is to feel "race prejudice." Perhaps. 
But this kind of comment indicates that the real point has been 
missed. The phrase “ethnic group" is not a substitute for the term 
“race." The grounds upon which it is suggested constitute a funda¬ 
mental difference in viewpoint which significantly differentiates what 
the phrase stands for from what the term stands for. It is not a ques¬ 
tion of changing names, and there is no question of resorting to de¬ 
vices or artful dodges—the imputation would be silly. If what tho 
phrase “ethnic group” means is clearly understood and accepted, 
“ethnic group prejudice" would hardly require to be taken seriously. 
There have been some who have felt that the use of (he phrase “ethnic 
group" was an avoidance of the main issue. On the other hand, most 
students of human nature would take the view that such a usage 
constitutes a more realistic and more promising approach to the prob¬ 
lem of lay thinking on this subject than the method of attempting to 
put new meaning into the old bottle of “race." I agree with Korzybski 
that “because of the great semantic influence of the structure of 
language on the masses of mankind, leading, as it does, through lack 
of better understanding and evaluation to speculation on terms, it 
seems advisable to abandon completely terms which imply to the 
many the suggested elemeotalism, although these terms are used in a 
proper nOD-elementalistic way by the few." ’’ 

* Sigerist, A History Qf Medians, p. 102. 

Simpsoo, lAe Moior Fsaturos of Eoolutton, p. S08. 

^ KoTxybsb. Soiencs and Sanity, p. 31. 
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The ground on which the phrase “ethnic group" is principally 
suggested is that it is easier to reeducate people by introducing a new 
conception with a new distinctive term, particularly, I repeat, when it 
is desired to remove a prevailing erroneous conception and introduce 
a new and more correct one. Those who do not understand that the 
greatest obstacle to the process of re-education would be the reten* 
tion of the old term ‘^ace * a term which enshrines the errors it is 
desired to remove, do not understand the deep iraplicit meanings 
which this word has inescapably come to possess for so many of its 
users. The question may, then, be askedi Will the phrase "ethnic 
group" be sufheient to cause such persons to alter their ideas? The 
.inawer is for some “No," for others, "It will help"; and for sbll others, 
"Yes." No one should be so oaive as to suppose that by this means 
alone ooe is going to solve the "race" problem! The suggestions here 
made are calculated to help^ they can do no more at best. Each time 
one uses the term “race" most individuals believe they understand what 
is meant, when in fact the cliances are that what tliey understand by 
the tenn is largely false. "Race" is something so familiar that in 
speaking of it one takes one’s private meaning completely for granted 
and one never thinks to question it. On the other hand, when one 
uses the phrase “ethnic group" wherever “race" would have been used, 
the question is generally asked: "What do you mean by 'ethnic 
group?" And that at once affords the opportunity to discuss the 
facts and explain their meaning as well as the falsities of the prevail* 
ing conception of ’‘race," This, it seems to me, is one of the greatest 
educational advantages of (he phrase “ethnic group" over the term 
"race.” Another advantage of the phrase is that it leaves all question 
of definition open, it refers specifically to human popiJations which 
are believed to exhibit a certain degree, amount, or frequency of un¬ 
determined physical likenesses or homogeneity. An ethnic group has 
already been described as one of a number of populations, which 
populations together comprise the species ffomo sapiens, and which 
indmdually maintain their differences, physical and cultural, by 
means of isolating mechanisms such as geographic and social barriers. 
These differences vary as tbe power of the geographic and social 
barriers vary. Where these barriers are of high power, such edmic 
groups will tend to remain distinct from each other geographically 
or ecologically. 

English and English wTite as follows, "Ethnic group is an inten¬ 
tionally \'ague or general term used to avoid some of the difficulties of 
race, The ethnic group may be a nation, a people (such as the Jews), 
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a language group (the Dnko(a Indians), a sociologically defined sO' 
called race (the American Negro), or a group bound together in a 
coherent cultural entity by a religion {the Amish).*'* To which 
one may add that the group may be characterized by a certain unity 
of genetic or physical traits. 

Yet another advantage of the phrase "ethnic group" is that it 
avoids the reducbonist or "nothing but” fallacy, that is to say, the 
notion diat men are nothing but the resultant of their biological 
heredity, timt they are what they arc because of their genes. The 
pluase "ethnic group” is oalotilated to provide the necessary corrective 
to this erroneous viewpoint by eliminating the question-begging 
emphases of the biologistfc bias on purely physical factors and differ¬ 
ences, and demanding that the question of definition be left open until 
the necessary scientific research and answers are available. The em¬ 
phasis is shifted to the fact that man is a uniquely cultural creature 
as well as a physical organism, and that under the infiuence of human 
culture the plasticity of man, both mentally and physically, is greatly 
increased—indeed, to such an extent as to lead anthropologists to the 
creation of races upon the basis of physical traits which were subse¬ 
quently discovered to be due to cultural factors, as, for example, the 
head forms of the so-called Armenold and Dinaric "races.” 

Here, too, reply may be made to those who may object that the 
phrase "ethnic group” is too reminiscent of the cultural. But this is 
precisely why the phrase is so well found. The Greek werd ethnos 
originally meant a number of people living together, and subsequendy 
came to be used in the sense of a tribe, group, nation, or people. Id 
modern times the term "ethnic” has occasionally been used to refer 
to a group identified by ties both of race and of nationality. This is 
pretty much what the phrase "ethnic group" ought to be taken to 
mean in the sense given in our description of an "ethnic group ” 

If it be said that what the student of man s variety is interested in 
is the way in which human groups came to be what they are, and that 
for this reason it is the biological facts and mechanisms in which he 
must be chiefly interested, the answer must be made that anyone who 
believes diis must be disabused of bis belief as quickly as possible. 
For it must be emphasized again that man is not merely a physical or¬ 
ganism but a kumon being who as a member of a cultural group has 
been greatly influenced by his culture. Human populations have had 
a remarkable assortment of marriage or breeding regulations, for 
English sod English, A ComprshenattM Dictionary of Psychological and Psy~ 

choonalvUcal Tams, 169. 
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ijistancc, varying stnoduRls of sexual selection, different kinds of 
social barriers, mobility, and similar variables, all of which have prob¬ 
ably played an appreciable part in the evolution of ethnic differences. 
TTiese are the very kinds of factors which are most neglected by those 
who come to the study of man with a biologirtic bias. It would for 
such students of man, especially those who come in from the non- 
human biological fields, as well as for the layman, be a great ad- 
v’antage to be rejjuired to look at the problem of human variety from 
the viewpoint of the “ethnic group* rather than from that of ‘^ace." 
\Vhere man is concerned the biologist, like the layman, needs to add 
a cultural dimension to his horizons. This is what the phrase "ethnic 
group" will help him to do. 

The conception of an "ethnic group” is quite different from diet 
which is associated with the term “race.* The phrase "ethnic grotip” 
represents a different way of looking at populations, an open, non- 
ciuestioD-hegging way, a tentative, noncommittal, experimental way, 
based on the new understanding which the sciences of genetics and 
anthropology have made possible. A term is discontinued, retired, but 
another is not merely substituted for it; rather a new conception of 
human populations is introduced replacing the old one, which is now 
dropped, and a term or phrase suitable to this new conception is 
suggested. The old conception is not retained and a new name given 
to it, but a new conception Is introduced under its own name. That is 
a very different thing from a mere change in names. It is important 
lo be quite clear upon this point, for the new conception embraced 
in the phrase "ethnic group” renders the possibility of the develop¬ 
ment of "ethnic group prejudice* quite impossible, for as soon as the 
nature of (his conception is understood it cancels the possibility of 
any such development. It is a noncontaminating neutral concept. 

Perhaps the greatest advantage of Ihe phrase "ethnic group* ia 
that it is noncommittal and somewhat flexible. It may he applied to 
«ny group cont^ing which physical and cultural traits are so identi¬ 
fier! that it is given a certain distinctiveness which appears to separate 
it from othcT groups. The phrase may also be used as embracing 
the definition of race in the biological sense, and particularly groups 
M'hich are less clearly defined, which may or may not he races and 
Itence should not be called races in the absence of the necessary 
scientific demonstration. All that we say when we use the phrase 
ethnic group is that here is a group of people who physically, and 
perhaps in other additional ways, may be regarded as a more or less 
distinct group. UctiJ we know what it reaUy is, and until we 
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understand thoroughly what we are talking about with respect to 
this and all other groups, lot us call all such groups “ethnic group? " In 
other words, the concept of “ethnic group" implies a question mark, 
not a period. It implies that many questitms remain to be asked, and 
diat many answers will have to be given before we can say precisely 
wbat any particular ethnic group represents. 

To conclude and summarize: Tire advantages of tlie phrase “ethnic 
group" are: first, wMe emphasizing the fact tliat one is dealing with 
a distinguishable group, this noncommittal phrase leaves the whole 
question of the precise status of the group on physical and other 
grounds Open for further discussion and research; second, it recog¬ 
nizes the fact that it is a group which has been subject to the action 
of cultural influences; and third, it eliminates all obfuscating emo* 
tional implications. 

As for the suggested dropping or the restricted or suspended use 
of the term “race," there are many parallels for this in science. Pos¬ 
sibly the most striking one in recent years is the dropping of the term 
"instinct" by psychologists for similar reasons to those which make the 
term "race" undesirable.^* Similarly, in anthropology the teim “aav* 
age" has been completely dropped, while the term ‘primitive’ as re¬ 
ferring to living peoples is largely being abandoned in favor of the 
term "nonliterate ’ for much the some reason, namely, the inaccuracy 
of the earlier terms, and hence their unsuitability. In biology the 
term “unit characta^ as erroneously referring to single genes as 
determining single characters or uaits, has been for ever banished 
from the scientific vocabulary. Betardative concepts like “phlogiston" 
of eighteenth-century chemistry have been dropped never to be re- 
adopted. It may be that the terms "instinct" and “race” may some¬ 
day be shown to have more than a merely verbal validity, but until 
that lime it vmuld be more in accordance with the scientific spirit 
to declare a moratorium on the use of the term "race." 

The phrase "ethnic group" serves as a challenge to thought and 
as a stimulus to rethink the foundations of one's beliefs. It encourages 
the passage from ignorant certainty to thoughtful uncertainty. For 
the layman, as for others, die term ^ace" closes the door on his under¬ 
stand^; the phrase "ethnic group" opens it. 

See Bernard, Ifwtinrt: A Sfwiv Payehologv. 
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The UNESCO Statements on Race 

Two STATiixtENTS On Race were issued by UNESCO. The first was 
largely the work of a group of social scientists, tlie second was 
the product of a group of physical antliropoloeists and geneticists. The 
Hitt statement was published on 18 July 1950 under the title “The 
UNESCO Statement by Experts on Race Problems,” and the second 
was published July 15, 1952 under the title "Statement on the Nature 
of Race and Race Differences—by Physical Anthropologists and Ge* 
neticists, September 19S2." In conversation one would refer to tbe 
first as “The Statement on Race" and to the second as "Statement on 
the Nature of Race." As the reader will perceive, there is marked 
agreement between the social and the natural scientists. 

Most of the members on the first committee would, I believe, now 
replace the term “Division" in the first Statement with the term “Major 
Group" from the second Statement. 

UNESCO Statement on Race—By Social Scientists, July 1950 

1. Scientists have reached general agreement in recognizing that 
mankind Is one: that all men belong to the same species. Homo sO’ 
piens. It is further generally agreed among scientists that all men 
are probably derived from the same common stock; and that such 
differences as exist between different groups of mankind are due to 
the operation of evolutionary factors of differentiation such as isola¬ 
tion, the drift and random fixation of the material particles which 
control heredity (the genes), changes in the structure of these par¬ 
ticles, hybridization, and natural sel^ion. In these ways groups have 
arisen of varying stability and degree of differentiation which have 
been classified in different ways for different purposes. 

2. From die biological standpoint, the species Homo sapiens is 
made up of a number of populations, each one of which differs from 
the others in the frequency of one or more genes. Such genes, respon* 
sible for the hereditary differences between men, are always few 
when compared to die whole genetic constitution of man and to the 
vast number of genes common tu all human beings regardless of the 
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population to which they belong. This means that the likenesses among 
men are far greater than their differences. 

3. A race, from the biological standpoint, may therefore be de* 
fined as one of the group of poptilations constituting the species 
Homo sapiens. Tliese populations are capable of inter breeding with 
one another but, by virtue of the isolating baiTicts which in the past 
kept them more or less separated, exhibit certain physical differences 
as a result of their somewhat different biological histories. These repre« 
sent variaCioos, as it were, on a common theme. 

4. In short, the term “race” designates a group or population 
characterized by some concentrations, relative as to frequency and 
distribution, of hereditary particles (genes) or physical characters, 
which appear, fluctuate, and often disappear in the course of time 
by reason of geographic and/or culhu'aJ isolation. The varying mani* 
festatioDS of these traits in different populations are perceived in dif* 
ferent ways by each group, What is perceived is largely preconceived, 
so tliat each group arbitrarily tends to misinterpret the variability 
which occurs as a fundamental difference which separates that group 
from all others. 

5. These are the scientific facts. Unfortunately, however, when 
most people use the toim "race" they do not do so io the sense above 
defined. To most people, a race is any group of people whom they 
choose to describe as a race. Thus, many national, religious, geo¬ 
graphic, linguistic or cultural groups have, in sudi loose usage, been 
called a "race," when obviously Americans are not a race, nor are 
Englishmen, nor Frenchmen, nor any other national group. CathoUcs, 
Protestants, Moslems, and Jews are not races, nor are groups who 
speak English or any other language thereby definable as a race, people 
who live in Iceland or England or India are not races; nor are people 
who are culturally Turkish or Chinese, or the hke thereby deecribable 
as races. 

6. National, religious, geographic, linguistic and cultural groups 
do not necessarily coincide with racial groups; and the cultural traits 
of such groups have no demonstrated genetic connection with racial 
traits. Because serious errors of this kind are habitually committed 
when the term "race" fs used in popular parlance, it would be better 
when speaking of human races to drop the term "race” altogether and 
speak of ethnic groups. 

7. Mow what has the scientist to say about the groups of mankind 
which may be recognized at the present time? Human races can be 
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and have been differently classified by different aotliropologists, but 
at the present time most unthropoloEists agree in classifying the greater 
part of present-dav mankind info three major divisions, as follows: 

The Mongoloid Division 
The Negroid Division 
The Caucasoid Di'islon 

The biological processes which the classifier lias here embalmed, 
as it were, are dynamic, not static, Tliese divisions were not the same 
in the past as th^ are at present, and there is every reason to believe 
that they will change In the future. 

8, Many sub-groups or ethnic groups within these divisions have 
been described. There Is no general agreement upon their number, 
and in any event most etlmic groups have not yet been either studied 
or described by tlw physical anthropologists. 

9, Whatever classification the anthropologist makes of man, he 
never includes mental characteristics as part of those classifications. 
It is now generally recognized that intelligence tests de not in them¬ 
selves enable us to differentiae safely between what is due to innate 
capacity and what is the result of environmental influences, training 
and education. Wherever it has been possible to make allowances for 
differences in wiviroamental opportunities, the tests have shown es¬ 
sential sunilarity in mental characters among all human groups. In 
short, given similar degrees of cultural opportunity to realize their 
potentialities, the average achievement of the members of each ethnic 
group is about the same. The scientific investigations of recent years 
fully support the dictum of Confucius (551-478 B.C.) “Men’s natures 
are alike; it is their habits that cany them far apart.” 

10, The scientific material available to us at present does not 
justify the conclusion that inherited genetic differences are a major 
factor in producing the differences between the cultures and cultural 
uc'hievements of different peoples or groups. It does indicate, how¬ 
ever. that the history of the cultural experience which each group 
has undergone is the major factor in explaining such differences. The 
one trait which above all others has been at a premium in the evolu¬ 
tion of men’s mentaJ characters has been educability, plasticity. This 
is u trait which all human beings possess. It is indeed, a species charac¬ 
ter of Homo sapiens. 

11. So far as temperament Is concerned, there is no definite evi¬ 
dence that there exist inborn differences between human groups. There 
is evidence that whate>'er group differences of the kind there might 
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be aie great]/ over'riddeQ by tbe iodlvidual differences, and by tlie 
differences springzDg from environmental factors. 

12. As for personality and character, ffiese may be considered 
raceless. In every human group a rich variety of personality and 
character types will be found, aztd there is oo reason for believing 
that any human group is richer than aoy other in these respects, 

13. With respect to race-mixture, the evidence points unequivo* 
cally to the fact that this has hcesi going oo from the earliest times. 
Indeed, one of the chief processes of rac^foimatioa and race-extinc* 
rion or absorption is by means of hybridization between races or 
ethnic groups. Puribennore, no cravincing evidence has been ad¬ 
duced diat race-mixture of itself produces biologically bad effects. 
Statements that buxnao hybrids frequently show undesirable traits, 
both physically and mentally, physical disharmonies and mental de¬ 
generacies, are not supported by die facts. There is, dierefore, no 
biclogieal justiffcatioo for prohibiting intermarriage between persons 
of different ethnic groups. 

14. The biological fact of race and tbe myth of ‘'race” should 
be dUtinguisbed, for all practical social purposes *race* is not so 
much a biological phenomcaton as a social myth. Tbe myth of “race” 
has created an enormous amount of faujnan and social damage. In 
recent years it has taken a heavy toll in human lives and caused un¬ 
told suffering. It stiD prevents the normal development of millions 
of buman beings and deprives civilization of the eff^ive co-operation 
of productive minds. Tbe biological diff e rences between ethnic groups 
should be disregarded from tbe standpoint of social acceptance and 
social action. Tbe unity of nunJdnd from both tbe biological and social 
viewpoints is tbe main thing. To recognize diis and to act accord¬ 
ingly is die first requirement of modem man. It is but to recognize 
what a great biologist wrote in 1875: “As man advances in civiliza¬ 
tion, and small tribes are united into larger communities, the simplest 
reason would tell each individua] that he ought to extend his social 
instincts and sympathies to all the members of tbe same nation, though 
personally unknown to hm- This point being once reached, there is 
only an aitificial barrier to prevent his sympathies extending to die 
men of aU natims and races.* Tbese are the words of Charles Darwin 
in The Deeceni of Mm (2nd ed., 1875, pp. 187-lSS). And, indeed, 
die whole of buman history shows diat a co-operative spirit is not only 
natural to men, but more deeply rooted dtan any seli-seelong (end- 
eades. If this were not so we should not see tbe growth of integration 
and organizatioia of his communities ubidi tbe centuries and die 
millennia plainly exhibit 
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15, We now have to consider flic bearing of these stafemenls on 
the problem of human equality. If must be asserted with the utmost 
emphasis that equality as an ctliicd principle in no way depends upon 
fhe assertion that human beings are in fact equal in endowment. Ob¬ 
viously individuals in all etlinlc groups vary greatly among themselves 
in endowment. Nevertlieless, the characteristics in which human 
groups differ from one another are often exaggerated and used as a 
basis for questioning the validity of equality in the ethical sense. 
For this purpose we have thought it ^vorth while to set out in a formal 
manner what is at present seientificaJly established conceming indi¬ 
vidual and group differences. 

(1) In matters of race, the only characteristics which anthropolo¬ 
gists can effectively use os a basis for classiHcations axe physical and 
physiological. 

(2) According to present knowledge there is no proof that the 
groups of mankind differ in their innate mental characteristics, whetlicr 
in respect to intelligence or temperameot. The scientific evidence indi¬ 
cates that the range of mental capaciHes in all ethnic groups is much 
the same. 

(3) Historical and sociological studies support the view that ge¬ 
netic differences are not of importance in determining the sodal and 
cultural differences between different groups of Homo sapiena, and 
that the social and cultural changes in different groups have, in the 
main, been indepeudent of changes in inborn constitution. Vast social 
changes have occurred which were not iu any way connected with 
changes in racial type. 

(4) There is no evidence that race mi^cture as such produces bad 
results from the biological point of view. The soda] results of race 
mixture whether for good or ill are to be traced to social factors. 

(5) All normal human beings are capable of learning to share in 
a common Ufe, to understand the nature of mutual service and red* 
prooity, and to respect social obligations and contracts. Such bio¬ 
logical differences as exist between members of different ethnic groups 
have no relevance to problems of social and political organization, 
moral life and communication between human beings. 

Lastly, biological studies lend support to the ethic of universal 
brotherhood; for man is bom wifb drives toward co-operation, and 
unless those drives are satisfied, men and nations ahke fall iU. Man 
is bom a sodal being who can reach his fullest development only 
througli interaction with his fellows- The denial at any point erf 
this sodal bond between men and man brings with it disintegration. 
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In this seD$e, every men is his brother's keeper. For every man is a 
piece oi the contmeot, a pert of the main^ because he i$ involved in 
mankind. 

Oiigmal statement drafted at Unesco House, Paris, by the follow¬ 
ing experts: 

Professor Ernest Beaglehole, New Zealand. 

Professor Juan Comas, Mexico. 

Professor L. A. Costa Pinto, Brazi/. 

Professor Franklin Framer, United States. 

Professor Morris Ginsberg, United Eingdcni. 

Dr. Humayun Eabir, India. 

Professor Claude Levi-Strauss, France. 

Professor Ashley Montagu, United States (Rapporteur). 

Text revised by Professor Ashley Mttitagu, after criticisms sub¬ 
mitted by Professors Hadley CantriJ, E, G. Conklin, Gunnar Dahlberg, 
Theodosius Dobzhansky, L. C. Ehmn, Donald Hager, Julian $. Hux¬ 
ley, Otto Klioeberg, Wilbert Moore, H- J- Muller, Gunnar Myrdal, 
Joseph Needham. 

Statement on the Nature of Race and Race Differences 
by Physical Anthropologists and Geneticists 
September L952 

1. Scientists are generally agreed diat all men living today b^ 
long to a single species. Homo sapiens, and are derived from a com¬ 
mon stock, even though there is some dispute as to when and how 
diFerent human groups diverged from this common stock. 

The concept of race is unanimously regarded by anthropologists 
as a classificatory device providing a zoological frame within which 
the various groups of mankind may be arranged and by means of 
which studies of evolutionary processes can be faciiit^ed. In its an* 
thropologica] sense, the word "race* should be reserved for groups 
of mankind possessing well-developed and primarily heritable physical 
differences from other groups. Many populations can be so classified 
but. because of the complexity of human history, there are also many 
populations whidi cannot easily be fitted into a racial dassificatioa 

2. Some oi the physical differences between human groups are 
due to differences in hereditary cmistitution and some to differences 
in the enviioiizneats in whidi they have been brought up. In most 
cases, both influences have been at work. scaence of genetics sug¬ 
gests that the hereditary differences amMig populations of a single 
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^pecu•s are tin* resuUs of tiie action of two sets of processes. On the 
one hand, the genetic composition of isolated populations is con¬ 
stantly but gradiiolly being altered by natural selection and by occa¬ 
sional cliangcs (mutations) in the material particles (genes) which 
control heredity, Populabons are also affected by fortuitous changes 
in gene frequency and by marriage customs. On the other hand, cross¬ 
ing is constantly breaking do'vn the differentiations so set up. The 
new miwd populations, in so far os they, in turn, become isolated, 
ate subject to the same processes, and these may lead to furllier 
changes. Existing races are merely the result, considered at a par¬ 
ticular moment in time, of the total effect of such processes on the 
Innnan species, Tl>e hereditary characters to be used in the classifica- 
liiin of human groups, the limits of their variation within these groups, 
and thus tlie extent of the classificatory sub-divisions adopted may 
legitimately differ according to the scientific purpose in view. 

3. National, religious, geographical, linguistic and cultural groups 
do not necessarily coincide with racial groups; and the cultural traits 
of such groups have do demonstrated connection with racial traits. 
Americans are not a race, nor ary Frenchmen, nor Gennans; nor ipso 
facto is any otlier national group. Moslems and Jews are no more 
races than are Roman Catholics and Protestanb; nor are people wlxo 
live ID Iceland or firitiiin or India, or who speak English or any other 
language, or who are culturally Turkish or Chinese and tlie like, 
thereby descriluible as races, Tlie use of the term "race" in speaking 
of such groups may He a serious error, but is one which is habitually 
committed. 

4. Human races can be, and have been classified in different ways 
by different anthropologists. Most of them agree in classifying tlie 
greater part of existing mankind into at least three large units, which 
may be called major groups (in French grand races, in Cermau Haupt- 
rasspn). Such a classification does not depend on any single physical 
character, nor does, for example, skin colour by itself necessarily dis¬ 
tinguish one major group from another. Furthermore, so far as it has 
btx'n possible to analyte them, the differences in physical structure 
which distinguish one major group from another give no support to 
jxijmlur notions of any general "superiority'* or "inferiority" which 
are sometime-s implied in referring to these groups. 

Broadly speaking, individuals belonging to different major groups 
of mankind are distinguishable by virtue of their physical characters, 
Init individual members, or small groups, belonging to different races 
within the same major group are usually not so distinguishable. Even 
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the major groups grade into each other, and the physical traits by 
which they and the races within than are characterized overlap con* 
siderably. With respect to most, if not all, measurable characters, the 
differences ainoog individuals beSongiog to the same race are greater 
than die differences that occur between the observed averages for two 
or more races within die same major group. 

5. Most anthropologists do not include mental characteristics in 
their classiBcation of Iniman races. Studies within a single race have 
shown that both innate capacity and environmental opportunity d^ 
termine the results of tests nf intelUgence and temperament, though 
their relative importance is disputed 

When intelligence tests, even non-verbal, are made on a group 
of non-literate people, their scores are usually lower than those of 
more civilized people. It has been recorded that different groups of 
the same race occupying similarly hi^ levels of civilization may yield 
considerable differences in inteUigence tests. When, however, the 
two groups have been brought up fr om chlldbood in similar environ¬ 
ments, the differences are usually very shghL Moreover, there is good 
evidence that, givot similar opportunities, the average performance 
(that is to say, the perfoimance of the individual who is representa¬ 
tive because he is surpassed by as many as be surpasses), and the 
variation round it, do not differ appredabfy from one race to an¬ 
other. 

Even diose psydiologists who to have found the greatest 

diff^ences in intelligence between groups of different racial origin, 
and have contended diat diey are bereditary, always report that some 
members of (be group of inferior performance surpass not merely the 
lowest ranking member of the superior group, but also the average 
of its members. In any it has never been possible to separate 
members of two groups on the basis of mental capacity, as they can 
often be separated on a basis of religiMk, skin colour, hair form or 
language. It is possible, dwvgh not proved, that some types of in¬ 
nate capacity for intellectual and emotional responses are commoner 
in one human group than in another, but it is certain that, within a 
single group, innate capacities vary as mudi as, if not more than, they 
do between different groups. 

The study of toe heredity of psychological characteristics is beset 
wito difficulties. We know toft certain mental diseases and defects 
are transmitted from one geseratimt to tbe next, but we are less fa¬ 
miliar wito the part played by heredity in toe mental life of normal 
individuals. The normal individuaJ, irrespective of race, is essentially 
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cducable. It follows that his intellectual and mord life is largely 
conditioned by his training and by his physical and social environ¬ 
ment. 

It often happens that a national group may appear to be charac¬ 
terized by particular psychological attributes. The superficial view 
would be that this is due to race. SdenttficalJy. however, we realize 
that any common psychological attribute is more likely to be due to 
a common historicol and social background, and that such attributes 
may obscure the fact that, witl^in different populations consisting of 
many hurnan types, one will find appronimately the same range of 
temperament and intelligence. 

8. The scientific material available to us at present does not 
justify the conclusion that inherited genetic differences are a major 
factor in producing die differences between the cultures and cultural 
achievements of different peoples or groups It does indicate, on the 
contrary, that a major factor in explaining such differences is the 
cultural experience which each group has undergone. 

7. There is no evidence for the existence of so-called "pure" races. 
Skeletal remains provide the basis of our limited knowledge about 
earlier races. In regard to race mixture, the evidence points to the 
fact that human hybridization has been going on for an indefinite 
but considerable time. Indeed, one of the processes of race forma¬ 
tion and race extinction or absorption is by means of hybridization 
between races. As there is no reliable evidence that disadvantageous 
effects are produced thereby, no biological justification exists for 
prohibiting intermarriage between persons of different races. 

fi. We now' have to consider the bearing of these statements on 
the problem of human equality. We wish to emphasize that equality 
of opportunity and equality in law in no way depend, as ethical 
principles, upon the assertion that human beings are in fact equal 
in endowment. 

9. We have thought it worth while to set out in a formal manner 
what is at present scientifically established concerning individual and 
group differences. 

(1) In matters of race, the only characteristics which anthropolo¬ 
gists have so far been able to use effectively as a basis for classifica¬ 
tion are physical (anatomical and physiological). 

(2) Available scientific knowledge provides no basis for believing 
that the groups of mankind differ in their innate capacity for in- 
teUectual and emotional development. 
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(3) Some biologica! differencw between human beings within a 
sin^e race may be as great os greatei than the same biological di£er- 
ences between races. 

(4) Vast social have occurred that have not been con¬ 

nect in any way with changes in radal type. Historical and scNjio- 
logical studies thus support tl« view that genetic differences are of 
little significance in detennining the social and cultural differences 
between different groups of men. 

(5) Tboe is no evidence that race mixture produces disadvan¬ 
tageous results from a biological point of view. The social results of 
race mixture whether for good or iE, can generally be traced to social 
factors. 

(Text drafted, at Unesco House, Paris, on June 8, 1951, by: Pro¬ 
fessor R. A. M- Bergman, Royal Tropical Institute. Netherlands Anthro¬ 
pological Society. Amsterdam; Professor Gunnar Dahfberg. Director. 
State Institute for Human Genetics and Ra« Biology. University of 
Uppsala; Professor L. C. Dunn, Department of Zoology, Columbia 
University, New Yorlq Professor J. B. S. HaJdaoe. Head, Department 
of Biometry, University College. London; Professor M. F. Ashley 
Mcmtagu, Chairman, Department of Anthropology, Rutgers Univer¬ 
sity. New Brunswick, NJ.; Dr. A. E. Mourant Director, Blood Group 
R^rence Laboratory. Lister Institute, London; Professor Hans 
Nachtsheim, Director, Institut fur Gcnetik. Freie Universitat. Berlin; 
Dr. Eugene Schreider, Directeur anoint du Laboratoire d’Anthio- 
pologie Physique de lEcole des Hautes Etudes. Paris; Professor Harry 
L. Shapiro, Chairman, Department of Anthropology, American Mu¬ 
seum of Natural History, New York; Dr. J. C. Trevor, Faculty of 
Archaeology and Anthropology, University of Cambridge; Dr. Henri 
V. Vallois, Professeur an Museum dlfistoire Naturelle, Directeur du 
Mus4e, de ITIomme. Paris; Professor $, Zuckerman, Head, Department 
of Anatomy, Medical School, Univasity of Binningham. Professor 
Th. Dobzhansky. Department of Zoology, Columbia University, New 
York, and Dr. Julian Huxley contributed to the final wording.) 



BIBLIOGRAPHY 


Aaub, a. a.: a new upproecb to the problem of liumen evoJufloo. Trans. Aop. 
Soc~ S. Austrabo. 75;70-88, 2952. 

A new ouUook on physical anthropology. KZ. Assoc. Adv. Sci., 1^1. 

- The Australian aborigine. Oceen^e, S2,*9U100,1951. 

—; The original Australians. Tht Leach, S5;120>ld0. 1958. 

TTmlng ta human evolution. Free. Linn. See. Nsto S. WoUs. 81* 197- 
210. 1958. 

AuMtoT. H.^ The Prakistorv of Africa. London. Hutchinson. 1959. 

Alvbe, WAjmsn C.: Biology and International relations. The Hew KapuhUc. 
122.B16<817. IMS. 

■ ! Coopeffftioft Among Anincls. New York. Sebuman, 1951, 

■ — —! Where angels fear to tread. A cootributioo from Ceneral Sociology to 
Human Ethics. Science. 97;5l8-525, 1943. 

: A«frwi Aggregations. Chicago, Unlv, Chicago Press, 1931. 

——, Pars, 0.. Emersom, A. E., Fark. T. and Schwtdt, K P,; Prtnrtpies of 
Artfnoi Ecology. PhlladelphiB. Saunders, 1949. 

AiuH, F.; Inheritance of the Diego (Di*) blood group factor. Am. J. Hvm. 
Ceneties. 10;64^. 2958, 

AuMOH. A. C.: Prolectloa afforded by the sicki^ell Iraic against subtenlan ma¬ 
larial Infection. Brt. M./., h2d0-294. 1954. 

—and Nevanumna. H. R.: Taste defidency in Lappish and Finnisb popula* 
tioos. Ann. Sag., 27:113-114. 1952. 

Au.i9ori, A. C., Blumbbc, B. S. and W. A. Rees: Haptoglobin types in British, 
Spanish Basque and Nigerian African populatiOK. Ntfure. J8i.'824, 1958. 
Anorewastra, H. C. and BiRca, C.: The Dlstrihaton end Abundance of 
ArdrncU. Cniv. Qiloigc Press. 1954. 

Ancbl, J. L.: Constitution in female obesity. Am. /, Ph^re. ArihropoL n j. 7.*43$- 
471. 1M9. 

Aramsourc. C.j a recent diseovory in human paleontology: Atlanthropus of 
Tentfflne (Algeria). Am. }. Ph^js. Anthrojxd,, os. 23.191-301, 1955. 

and BraKMON, P.: Hie foaril human remains from the paleolithic of Sidl 
Ahdemhman (Morocco). Am. }. Pfpjs. Anthtopoh, ns. 24,'467489, 1956, 

Arkin, H. and Colton, R. R.? Slatisticil Methotls, 4th edition. New York. 
Banes 6i Noble, 1956. 

Barnbs. H. E. and Testws, N. K.: New Horizons in Criminology. New York. 
Prcnttce-Hall, 1943, 

Basnicat, N. a.: Taste deflo'ency for phenythiourea In ABican Kegroee and 
Chiaese. Ann. tug.. 25;24B>254, 1950. 

- - Htiman Plgmonlation, Man, No. 144, 1957, 1-7, 

-'J Genetics and human races. The New Scienftrt, January 8, 1959. 

710 


BIBUOCRAFHY 


til 


Baatb, F.: On relateisfaips of eoriy prinuts, An, /. AnthropoL n.s. 
6;L39-L49. 1950. 

BABTSOtOkcnr. O. A. ud BiBmLL« J. B.: Ecofesy ud tiie profeboninids. An. 
Afitkrppol., 55.‘481-49e. 1053. 

Battacua, R.: Osse oodp<ta)e nmiw. riov«auto Del pledstocenico di 

Quiosafio ne] Coonine dJ Votnn. Feta^onlognp/tka Italiea^ 49:1>31, 1946. 
Bs^Efi, M. A., end Mettlb, L. E.: QuomomDC shidJcs on prisietes. 
195.188-190, 1958. 

Bi^NDTSBE, T: llte lustory of tothropcdofy. Mem. AnJtmpd Soc. London, 1:335, 
1883; 1864. 

BsKSDiCT. R.: Bece; Sctenee er^ Polkia. New Yoric, VOdag Ptes, 1959, 
Bbsuqll. N. J.: M«a'i £wurgfitg Mnuf. New York, Dodd Meed, 1955, 

Bews. j. W.; Human Ecoiogg. New York. Oxfivd. 1935, 

Bingbam, H. C.: Corifle in « Netme NabiUt. Wnddngtoo. D,C.. C&megie Iiut, 
Pub. No. 428, 1932. 

Bird, C. W. C., et oL: Tbe blood groape nod banoglolu of the Ghorkhns of 
Nepal. An. /. F^rr. AjitfvopoL, oa. i5.*i83-159, 1957. 

Bmn, f.: Afitiqoity and coifrattMks of tbe eaily inbabiteiA of Patagonia. Geo* 
gnphte^ Aeo., 95;250-27S, 1938. 

-; Before MageUan. Nnfur. 41:16-23, 1938. 

BiRDSELL, J. B.: Some eoviroocDeaCal and eultonl fact o u iofiaeDang tbe itnt> 
turing of Auatraban populations. Am. NaSunabtf. 57:171'207. 1953. 

-; Scene populatioc problems iavelving Ple£stoc«De man. Cold Spring Har¬ 
bor Symporfo on Q uaraimit a Btolo^, 22:47-89, 1^7. 

Birdt-Smith, E.: The EAmoa, 2nd ad. London. Metbuen, 1859. 

BxssoNNvm, T. H.; Seraal ii > . > H^wf i odtg B Quart. Aeo. 8ioL, ]l;371-368. 1938. 
Black, D.: Asia and the dispenal of the pruDates. Bull CeoL Soc. Am., 4: 1925. 
Blok, H. H.t Pb^odpnenc AcKiim and Dtaaaaaa Caused by Light. New York, 
Reiobold, 1941. 

Blci%<zHba«, j. P.: On die Nature Variety of Manbnd (tnaslated by Beodyske, 
T.), The Afitfteopelatied Traatista Of lobenn FrtedfteA fikfmenbdeb. London. 
Aadaropologlcal Society, 1865. 

Boas, F,: Changes in Bodily Form of Daseandants of Itvsigm/gs. {Final Ae- 
poff.) Wa&luagton, Govenment PdailDg Oftee, 1911 (8Ist Congress, 2nd 
Seesioo. Seoate Doeumestt 803), BepicKed, New York, Cohucbla Uaiv. Pres, 
1912. 

; Anthfopoiogy auf Mod^n Lifa, 2od ed. New York. Norton. 1932. 

; The Mind Of Fiunifioe’ Man, 2rtA ed. New Yoek. MaenuCan, 1938. 

-; Hadal puiity. Asia, dO;23L*S34, 1940. 

- Raoa, Languaga, and Cultyra. New York, U iofUlTan, 1940. 

- Baea and Democratic Society. New York, Augusds, 1945. 

BoKi'ivui, C. R.: Die Hairfiere AfrAaa. feoa, Pisdue, 1958, 

BoLK, L.? Das Problem das Mensehoardung. Jena, Ftseber, 19S6. 

: OriglD of ncial charactertstke fas ■"«" Asiw. /, Phys, AnthfojtoL, 19: 
1-28, 1929. 

BONiM. G. TO»<: On (be size cf mao’s baio. as todietted by aloiU capacity. J. 
Comp. Neural, 58:1.28, 1934. 

BouLS, M, aod Vauocs, H. V.; Foesif Man. New York. Dryden Press. 1957. 
BouLSHOsa, E. C.: Apse end kfonX^. LotulcA. Hanep, 1936. 


712 JNTHODUCTION TO PHYSICAL ANTHROPOLOGY 

Botn, W. C.: Blood groups. Tabulae Biologlctie. 1930. 

* Rh blood foctots; so orienJMion review. Arch. BatK 40.114-127. 194^ 
_. Critique of m«bod^ of clawifying mrtr»Vii»d. Am. }. Thyt. An^ropol. 

27;333J«4. 1940. ^ _ 

; Ceoo frequeocles and «« mixture. Am. 1. Phys. Aw/opoi, n.s. “i587- 

993. 1949. 

_j Genetics and tU Races of Man. Boston. Little. Brown, 1950. 

; Genetics end the Races of Men. Boston. Boston Unlv. Press, 1958. 

; Has statistics rataidad the progress of physical anthropology? Am, J. 
Pliys. Anihropd., da. id.‘481-484,1059. 

Bhaiiwwo, R. j.: Prehietoric Men. 3rd Ed. Chicago. Cliitago Nahiral History 
,Viu»«t<iri. 1957. Popular Series. No. 37. 

; Near Eastern Prehistoiy. Science, i27:1419'1430, 1958. 

_, and Reh>, C. B.: The achievement and early consaqueoocs of food pro* 

ductioo! a conrideradon of the archaenlogica] and Natural-Hlslorioel Evidence. 
Cold Spring Hofbor Symposia on Quentitotice Bioiogy, 22;19-31, 1957. 
Bramsbx, E- R. and Csllvo. J. W.: Variations in end the effect of weather on 
the growth of children. Medical O^Jeer, 75;213-217,194B, 

Brash, J. C., McKrac, H. T. A- and Scott. J. H.: TheAetiobgy of Inegubrity 
end Malocclusion of the Teeth, 2nd Ed. London, Dental Board of the Uolted 
Kingdom. 1956. 

Brbuil, H- and l-ernsa, R.: Lee Hornnes De La P/erre Ancienne { PaUoUthUfue 
a U^Jtiht^ue). Paris, 1959. 

Briggs, L. C.: The Slone Age Races ef North Africa, American School of Pre* 
hixtorte Research, Peabody Museum, Harvard Umver^ty, Bulletin Ko. 18, 
Cambridge, Mase., 1955. 

_: The Living Races of the Sahara Desert. Papers of the Psebody Miaeimi 

of Archoeoiogv oraf Ethnology. Harvard Universiiy, 26.'ai+217, 1958. 

Broom, R.: Finding the Mitring Linb, London. Watts, 1950. 

__ The genera and species of the South African fossil ep^meo. Am. /. Phys. 

AnthropoL, i)4. 6;1-13, 1950. 

_aod RemriSOH, J, T.: Stwrifererv Ape-Man: Paranthropm crassidens. 

Pirtoria, Transvaal Museum Memoir No. 6. 1952. 

_ tnd ScuePBRS, G. W. H.: The South Afriepn FosM Ape-Men. Pretoria, 

Transvaal Museum Memoir No. 2, 1946. 

_sod RoBiHeoN, J, T. and Soiefers, G. W. H.: Sterlfortfein Ape-Men; 

PUeierahropta. Pretoria. Transvall Museum Memoir Ko. 4. 1950. 
finowM, F. hi.: The microscopy of mammalian hair for anthropologUts. Proe. 
Amer. Phil Soc.. d5;250474. 1942. 

Bhugs, a. M.: Ideodficadon of sVeletaJ remains. J. Crim. Law Criminol 6 Pofioe 
Science. 46:551-563, 1958. 

-: RegiMial differences in the physical characteristics of an American popu- 

ladoo. Anu J. Phys. AiUhropd.. ivs. 4:463-482, 1946. 

8KZE2INSD, J.. GtrRBVTTCH. J.. HstMosi. D. and MANDeL, G.: Bloodgroups In 
Jews from Yemen. Ann. Eugenics, 16:391-33, 1951. 

BvPTZ-Oi.ae>r, O. E.: Haptoglobins and hemoglobins is AusSaL'an aborigines, 
with a simple method for the; nh’niannn of haptoglobins. Med. }. Australia. 
pp. 689-692. Kov. 22. 1958. 



BIBUOGRAftnr 


713 


BusttkdI'Jakirck, NACunl iActioa itt qba: Tht AfiO(H) bleed groop 
systtffi. Am. Anthropoid $1:437.436, 195a 
Beu^, A. K. (editor): Devdopa^nt of high dvUi2Adoc« in bot djnetes. 

Florida AMhwpoio0tt, 1953. 

Caim, a. J.: Foodble of secretor. The Lonoet, 2:2LS-2L3,1957. 

Calbow, J. B.: Tbe Aspects of popoUlioc dj'oao^. /. MemmaL, 33: 

139*159, 195%. 

Calaaak, W. T.: The CtaaifieatiOH of Aithnai*. New YoHc, Wiley, 1949. 
Camokla, T, B.; The oAodoctMBi ef Uood-graup B Inlo Europe, fiuoum Biol.. 
i4.'413-443, 1942. 

Aod Coss, L. J.; Blood«srDup factm in tbe blood orgAOS, and secretions 
of pnmates. }. InmiuneL. 45:339^35, 194S. 

CABPEHTBt, C. JL: A 6cU study of the behavior and social relatioos of howling 
monkeys. Compt. FatfdtoL Monogt., ia*l*197, 1934. Serial no, 43. 

‘ A field study in S***" of the behavior and social rdetions of the gibbon 
(Hylobetea br). Compt. Fsirobot Uoaogr., ]d:l*2U, 1940, Serial no. 64. 
Cmtibb. G. T. t PieisSocene Uon at San Dtagp. Bahisnore, Johns Hopkins Press, 
1957. 

Cassird, E.: An £sMi|r on Um. New Kavoa. Yale Uoivesdty Press. 1944. 
CaSSOK, S.; 7b< 2>ucooerp of Uan. New York. Harper, 1940. 

CATTUt, W. E.: Biologic amj <>*^1 eoosequeoees of race crossing. Ant. /, Pbys. 
Anthrppel, 9:145-156. 1938. 

; Race mixtbie and physical dishajinMies. Sdenca, 7J.^03’606, 1930. 
Cattsll, R. 6. and Moltsho, V.: Contributiops oonceralag meotil iaheritance. 

II. Temperament /. Genet Fpfdioi, 57:31’43, 1940. 

Cav%, a. j. E.: Report m a ^^w^*** calvaria of upper paleoHthic typa Afchaeo. 
Io0a, 9S; 117-119,1047. 

Cawlbt. R. H.. McEeowk, T. end Rfcoao, R. G.: laftueace of pre-naral es^ 
viroomeot on post-natal growth. Br. /. Free. Soc. Med., &*66-69, 1954. 

Cazier, M. a. end Bacon, A. U; laOeductioo to quantitative syrtematjes. BuU. 

Amer. Mur. Net. Hiet.. 93:347-366. 19*9. 

Ceppcuhi. R.: The usefulness of bleed factors la ndal euthropology. Am. /. 
Phyo. AnthropoL. 13:389. 1955. 

CitAUdERS, J. N. M., iKXK, £. W. and A. E. Mooiunt; ’Um ABO, MN aod Rh blood 
groups of tbe Basque peO|de. Am. /. Fhyr. AnthropoL, n.8., 7:529-544, 1949. 

and Lawisiv S. D.: Data (a UnVafA id oaa: ^Bptocytnsis aod blood 
groups. (1. Families I and 2, Amu £ugenfes, 17:267-27). 195$. 

Ckambebs, E. G.i Stettitie^ Celcvbtion for Beginners. New Yoric: Cambridge 
UoivBESity Press, 1948. 

ChaRP, C S.: N*evr World sugraticD routes. Anduop. Papers Unlv. Alaska. 
1:23^. 1959. 

rwFTfv g, V. G.: Mon Makes Uimeolf. New Yeah, New American Library, 1948. 

_: What Happened in History. New Yoik, New Aiaericen Ubraiy. 1948. 

__; The Dewn of European Cfothserion, 6^ ed. New Yoik, Koopf, 1958. 

; A Short Inttoduetion to Ardtaeotogp. London , Muller, 1958. 

CaowM, B.: Profalaos is Mood group analyds. Anu ArdhropoL. 59;d85-8$6, 
1957. 

Cmr, E. M. Y. asd GfiJE^ N. H.: A study primate chromosome complements. 
Amer. Nat, 92:272^ 1^. 



714 


INTRODUCTION TO PHYSICAL aKTHROPOLOCY 


——: HumAn thfOTWsoinc compIeirirnU io zmuid sgmatlc cells in culture. 

Am. /, Hum. n:6iJ-79, ISSS. 

Clark, J. D.: Tkf Fnkistorv of Africa. New York, Harper, 1950. 

_, Oaklet, K. P, Wklu, L. H. and McClsuano: New shidiw on 

Rhodedan man. /. floy. Anthrop<A. Inst.. 77/7-SS, 1947. 

CtABK. J- C. O.i PrfAWonc Europe. London, Malhucn, New York, Philosophical 
Ubrvy, 1952. 

_. EacdoottoFU at Simr Con. Cambridge: at the Univcrslly Press, New 

YorL. Cainbridge Uolv. Press, 1954. 

. Archoeologt/ ond Society. Cambridge, Moss., Harvard Unlv. Press. 1957. 
Clark, W. E. Lb cbos: Eorly Forert/nnera of Men. BaltlTDore, Wood, 1934. 

- 1 Pithecanthropus in Peking. AfiriouiTv, I9.*l*5, 1945. 

_; History of Frimam. 8th ed. London, British Musemn (Natural History), 


palaeontologictd evidence bearing on die evolution o£ die Hooii* 
noidea. A Geol. Soc., (Loudoa), i05:225'264, 1949. 

The FotsU Evidence for Human Evolution. Chicago, Unlv. Chicago 
Press, 1955. 

■ ‘ Bofitt of oonteotion. J. Roy. AnthropoL Inst., 55:1-15, 1956. 

__ The Antecedents of Man. Edioburgh, University of Ediobnrgh Frtes, 


CtAiuce, C. A., at eL\ ABO groups aod secrelor character is doodenol ulcer. 

Populaboo aitd ribshlp studies. Bnt. Med. J., 2:725'73I, 1956. 

Clarks, C. A., at ol: Secretion of blood group antigens and peptic ulcer. Brit. 
Med. K J.-e03-«7, 1M9. 

Cobs. W. M.: The physical coostitution o( the American Negro. J. Negro Educa- 
rion, 5:340-38B, 1934. 

Cctesm, E. A.: Sane paleontological principles signiBcant in human evolution. 
Id Eofly Man in Ae For East (edited by W. W. Howells), p. 10^147. 

1 Eeoiution ef the VertAtetes. New YoHr, Wiley, 1955. 

Coc.% S.: The PrahUtorv of Eaet Africa. Baltimore, Penguin Books, 1954. 

Colds, E. C: Elamants of Genetics, 3rd ed. New York. McGraw-Hill. 1956. 
Coujss, E. C.: 7*Aa Srianca of New York, NeUoo, 1950. 

Comas, J.: Manual ef Physlcei Anthropology. 5pring£eld, 111., C C Thomas, 
1960. 

CoMKLZH, E. G.s Hereddy and En^rormsnS. Princeton Univ. Press, 1939. 

Mofu Reel and Ideal New Yoik, Scribner's, 1943. 

CooKB, H. 3, S., Malan, B. D., and Wm4, L. H.: Fossil man in the Lebombo 
Mountains, South Africa: The 'Border Cave.' Man, ^SrO-lO, 1945. 

Cook, C S.: The Baces of Europe. New York, Macmillan, 1939. 

; rha Srorv <tf Men. New York, Knopf, 1954. 

■ — Soma problems of human varUbHity and natural selection In cLinate and 
culture. Amer. fJeL, 59:257-280, 195S. 

-: The Sevan Cooes. New York, Knopf, 1957. 

. ; Chmate and race. In Harlow Shapley (editnr): Climatio Change. Har¬ 
vard Univ. Pros. 1954,15-34. 

--, Gark, S. M., and Bwosbll, J. B.: Races. Springfield, Thomas, 1950. 

Corncr, G. W.: Ourstloee Vrihem. New Haven, Yale Univ. Pi^ 1944. 
CORKWAJX. J. W.: Bonos for the Arehaeologist. New York, Maccrdllaa, 1956. 


BJBUOGRAPHY 


715 


; Soi£r for tii4 New Yce)(. MwauDiu, J958. 

CowiA, R. B.: The black akm and fatanae pntective colontioiL /. £n/om^ & 
Zoology, 4S;l>4. IffiHX 

CnAv^, B. aod ]okl» E.; A oMc do the dcct ot tninlaf oe the physique of 
adoleaceat bciy& CUft Troc- /. Capo Tmb Poot-Gfoduau Uad. A., 5.'t6*ld, 
1049. 

Caxx, F. H. C: Nudoc adds. ScM/v Am^.. J&7:188-200. 1956. 

CUDMoa^ S. K aod N. A,: A Hdgfd aad Weigfd Survoy of tororao 
menscrv School Chtidrtn 2999. Otbw% UiDiAy of Trade asd Cocnmerce. 
1941 

CuB<9T, L<i T. Twmy^ Qg D^odfifqoe. BuIL L'Acad, Roy. Bdg.. 31: 1945. 

; 1,‘Eooit^ion Blalo0ytto~ Paris, Masseo, 1951. 

CuuAOMS. H. sad Mi tt A C.t Finder Frritfa, Roiau attd Solas: An JntroAtoRon 
to Darmatogiyphia. Rnladeiplua, BUistoQ, L943. 

Daklosw, G.: Aq toalyss of (be coacepboa of race sad s new method of diS' 
tinguishicg rsoea. Human BioL. 24:372-385,1941 

! Roca, Benson ci^ Buhhith: « Rrim^ of Raea Biologv. New York, Co¬ 
lumbia Uoiv. ^eas, 1942. 

■; EnvinamieDt, iaheritaoee and Taadon vaiistMas with special reference 
to iDveeUgaOofis oo twins. Acts Genet, et Statistica Uadka, Basle, 2: 1; 104- 
114, 1948. 

; Statistical Methods for Medioel «»f Biological Students. New York. 
Norton, 1948. 

□AMSBtEAe, P.: A Uneoerasf ffi/sfem for Raecading Vagrtation. Institut Botaaique 
da L’Udlvetatf da MooCrfsl, Monbeal, 19S8. 

Daaunctoh. C. D. and Ra^cs, A.: Chranusomes <d metieys aod men. Nature, 
275:32,1955. 

; llie ori^ of Darwisiai. SeienSifie Amor., 800:60-66, 1959. 

DAjrr, R. A.: Tann|S and its rignfficaace. Naturol Hidory, 86;315-827, 1926. 

; tbe Makapusgat ^oto-bumaa Australopitbecns prametheus. Am. /. 
Pkys. Aftthfopd, CLS. 5:39141. 1948. 

; The (eedaccey laplaDeetal techmqoe of Aostralopldiectts. Am. J. Phys. 
AiiHtropol. M 7:1-38,1949. 

; Tfwiminar^ fn^menls cf AusOiloptthec a s pigmetheus. Atn. 7. Phyj. 
Anthropoi., cls. 7:301-333, 1949. 

: A aduft palate of Anstralo|rithecua prometheus. Am. /. Phyt. 

Anthro^ ii4. 7:335-338. 1949. 

; The cnm^fadal frafOMStt of AurinkpitheoiS ptesMtheus. Am. J. Phys. 
AmAropoL, BA 7:187-214, 1949. 

_: The or adek. femak mafAffa- of Auetrelopthecos prouetheus. 

Am. 7> Pi^t. Anthmpof., (ls. 12:313-344,1954 

; The first Austia)o{s(lwdBe Erasnoat tom the Makapvugat pebble cul¬ 
ture tOafuffi. Nofvre, 276:170, 1^5. 

_: The boDe-bteeda cottest of Makaperagat and the auslralopithe- 

dne habit. Am. AMhropel., 60:93&981,1956. 

> Aa Aastralops&edM* scoop from Hereford^ttro. Neture, 183:644.1959. 
—; A further addescent toiflralopithedne ithun from Makepeiu$at. Am. 7. 
P)iys. AnthfopoL, qa, 26.‘€73-479. 1969. 

and 0*t^. 0.: Adoerdurm mith the Mitring Lcnk. New Ycpik, Harper, 


1959. 



71 fl INTRODUCIION TO PHYSICAL ANTHROPOLOGY 

Da»» S. R.t a contnbnhor lo iSe hpredity of the P.T.C tiiste character based 
oo a smdy of 645 j^ib pairs. Am. Hum. Genetics, 20.'334*d43, ld55. 

Daswik, C.: The Descerit nf Man> tendon, Murray, 1871. 

. The Origin cf Species^ London, Murray, 1859. 

DAVENPoar, C.: Heredity of hair fonn in mao. Am. NfauraUst, 42.341, 1908. 

_: Tlie HcredUy of Siin Cohr in Negro-Whtte Croues. Washington, Caraegie 

Inst., 1913, pubiicaSon 188. 

— —; Guide to Thvsieal Anthropometry and Anthroj)oscopv. Cold Spring Har¬ 
bor. New Yorh, EiigerJc; Research Assneiatfea, 1927. 

—and STBCcenPA, M.: Race Cmulng in Jamaica. Washingtoo, Carnegie 
iTVt., 1929. 

Davis, A.: The dlstribufloa of the b)ood*gmup.'! and its bearing on tire concept 
U race. In PoUHeal AriihmeUe (edited by Hnghen, L.), New York, Macmillan, 
1941. 

Dat. C, B.: a Stud^ of Some Negro-White Famitles ;rt the United States. Cam- 
hiidgo, Peabndy Museum, Harvard Ualvenity, 1932. 

Db Bker, C.; Embryos and Aiicestofs. New York, Oxford Univ. Press, 1958, 

Ds Ckajwik, r.: The Phenomenon of Mon. New York, Harper, 1959. 

Oe Labt, S. J.: Arehacelogy and its Probtems. New York, Macrrullan, 1957. 

De RoDidouB, M. L. C,, and AjtE.vDS, T.: DlitribuClon (A haptoglobins in native 
VcocTucUns. Notur^, 185:1465-1486, 1959. 

Db Tbmu. H.: Genlegy and climate as factors of human evolution In Asia. In 
Early Man in the For East (edited by W. W. Howells}, p. 7*15, Fhiladelphio, 
The Wistar Institute, 1949. 

-: New approach to the problcrn of man's origin. Science, 124?L282-1285, 

1958. 

-, RoMBto, J. and SrewAJtr, T. D.: Tepexpan Uon. Viking Fund PubU- 

eations in Anthropotogy. No. 11. New Yor^, Viking Fund. 1949. 

De Viuea, H.. and Oauby, K. P.: Radiocarbon dating of the PHtdown skull and 
jaw. Nature. J84:224-2S6, 1959. 

Dhymmpvrtn, N. G.: Fflm making for scientific 8eld workers. Amer. Anthropol., 
S4.147.15S, I95S. 

DKie, L, R,; Mans Nature and Nature’s Afon. Ann ArtMr, Univ. Michigan Pre^s, 
1955. 

Dincwal;., E. j.: Arilfieiel Cranial Deformation. London. John Bale, 1931. 
DoiaHAHSKY. Th.: Gcnefios and the Origin of Species, 3id edition. New York, 
Cnlumbia Umv. Press, 1951. 

■ —— ; On species and races of living and fotril man. Am. j. Phys. Anthropol., 
n>. 2. 251.285, 1944. 

■ — ■: Genetics and human affalra. The Teaching Biologist, i2.'97-106, 1943. 

; The genetic hash of evolution. Scientific American, i82:32-41. 

; Human diversity and adaptation. In Cold Spring Harhor Symposia on 
QuantUoHce Bioii>gy. Long Island. New York, 1950, pp. 385-400. 

: Eoojufion, Genetics, and Man. New York, Wiley, 1957, 

: The Btological Basis of Human Freedom. Now York, Columbia Univ. 
Press, 1958. 

—and HoLZ, A. M.; A re-exarrunatlon of the problem of manifold effects 
of genes in Dmsnjsjirts mclanogastn. Genetics, 28:301, 1943. 


BIBLIOGRAPHY 


717 


“ ■ ' Momtact, M. P. AsnfT: NMoni seicctap n fiff4 the mmtal capacities 
of maoliod. ScUnct, 10&$87^B0, ld47. 

-- «ad Wallacz, B.: The iffobleso of adaptive differttces in buman poptda* 

doos. Amr. /. ifuni. Geneties; 1954. 

DoRKFEXT, W.; Studien uba Scbadetfonn ujkI SdaddvenDdenng voo Berliner 
Osfjudea and ihreo EiDdem. Ztickr. IfonAot *. Antfeopoi, 59.200-372 1941 

Drapkr. C.. Dtotto» C W. aod Caocarr. L. J*l: Hurrum CenttHution and 
CUrrical Medicine. N«« Y«k. Re^. 1944. 

DaaWAN. M. B.: A note oo At mcBjjioleelenl status cf the Swanscombe and 
FoDt4chevade dmlU. Aoi. /. PA|ff. AMknpcL, na. i4,*73-B3. 1956. 

: The 9ecia] fettuna and status <£ Saldanha ^11 Apr / An- 
thropoL, as. JS:6iS~e^ 1955. 

-- PedwnocphwD in tbe pre-fiusfaman sknC. Am. /. Phut. Anthn/pol 

I6;205-210, 1951. 

-; The rcla of sa in human evohitf<D. S. Afr. Mtd. /, 62;117S-117S, 1956. 

and SiNCD, R.: A naodibular framed probably of the Sa ldanhe skull 
Nature^ 2. 1055. 

DuBauL, £. L: EoohOion of tht Speech Appentue, Spria^field. Thomas, 1958. 

Dunk, L. G: ifere^lV ^’■d Ecdutiott <a Humon Fopubitiont. Carabrldge, 
Harvard Unv. Pres. 1959. 

-and I>(»EBAKsry, Th.: Henafitv. Bace end SodeSy. New York, New 

Amenoan Library, 1952. 

DuNSFOiffi, I. aod Bowixx, C. C^ Tacfaii^uo at BW-Croup<Rg. Spiingfidd, 
Thomas. 1956, 

DvpnTvis. a W. and Tammsh. J. M.: TU post of the subjert for photogracn- 
metric acdiroporaetiy. wiA aspedal refsence id somatotypang. Am. J. Phus 
Anthropol, ts. 8:27-44. 1950. 

East, E. U. and Jconsa, D. P.; Inbreedcng and Outbreeding. Fhiladdphie, Lip- 
piocott, 1919. 

Edwaxm, E. A. and I>iiHTur. S. Q.: The pigiaeoti and color cf living sJan. 
Am. ;. Anatomy, 45:1-33. 1939. 

EKmcH, R W. and CSook. C S.: Oed^tal flatteaifig •n‘-sn|r the Dinarics. Am. 
/. Phys. AtitheopoL. us., 6:18L-186, 1947. 

Eldsttom, E, M.: Hdght and weight of school children in Glasgow. BiomdnJro, 
10:28&-340, 1914. 

SiuoT. D. G.x A tteoUto of the Primatas. 3 wik. New YoA, Am. Museum of 
Natur. Hist, 1913. 

EuiUAm, C.: Note oe abso l ute cfaronology of Immat* gw? hr B on . Soianee 183; 
924-926, 1956. 

ENCsasANK. G. J.: Age erf first Deostruation on the Nc«th Amoicsri contueat. 
Tr. Am. Gynee. Soc., 26:77.101,1901. 

Etchtvebby, U. a.: El foctor riMSUS. su genetict e importancU cBoica. Vie Med., 
17:1237.1251, 1945. 

- El fact» riMSus es Fersooas de Ascadencia Ibeslea roidentes en la 
Argentina. Semono Jfrfd., N<w. 25.500, 1947. 

Evaks, P. G.t The names erf fosdl mar. StfwKw, 102:16-17. 1945. 

Evaks, R D.: Quaotitatlve urfamices cooeesaing dm genetic efiects of rad/ation 
oa hinnSA beia^ SefawM, 109.*299.3H 1M9. 

EvnNDSK, J. P., Conns, G, B., and EOT.sa. R: Potassjnm-argon dating of 
pldstocene voUaooes. Quaterrteria, 4:13.17, 1957. 


718 INTR01>UCnON TO PHYSICAL ANTHROPOLOGY 

Falcono. O. S.: Sensory ihrc^hnld for sohitioas of PbenyJ-Thlo.CarlMimde. 
Ann. Eugen., 13;211-22a, 1947. 

FitaBLCTTTN. L. (editor): Tlic 2 vols. New York, Harper. 1950, 

FiscHEP, E-; Die Rehohather B^utords und dei Bastardienin^B-pfoblem Mm 

Mcnschcn. Jeoe, 1913. 

FiSHsaic, M.: The ]em. New York, Saibnen, 1911. , , ^ 

FiSKBit, fi. A.: The GeMieal Theory ef Natural SeUctior. Oxfrmi, Qareodoji 

Press, 1930. —. , , 

- StotWicol Methods for Beseereii Worken, lOth erJlflon. Edlnburgli, 


Oliver & Boyd, 1W8. 

_and Taylor, G- L.j Sceridlnsvian Influence in SccttLli Ethnology. Satun<. 


I45;590, IMO. 

^ FoAo, E. B, and Hvxlbv, J. S.: Terte-tesBnf the anthropoid apes. Nature. 


144:7Vl. 1939. 

FiTT, A. B.: Scttwrwl fn^wrnce on Groujfh, Function and Inheritance. London, 

Oxford, 1841. . , ^ „ 

•: The heights and xweighu of men according to month of birth, Himinn 


Biofogy, 27:138-149, 1955. 

Flynw, F. V- and DbMayo, P,: Mlcro-eleetrophoresi* of protein on filter peper. 
The lancet. 2;235, 1951. 

FoBBBS. H. 0.: Monkeys, 2 vob, London. Shew, 1894. 

Fox, A. L.: The relationship between chemical constifulioa and taste. Proc. 
Net. Acad. Se.. I8.dl5.120, 1932 

FRAioBLAn. A, N.: A Prtmer of Statistics for Non-Siatistictans. New York, 
Karcourt, Brace, 1958. 

Fylemaw. R.: M^eys. New York, Nelsoo. 1936. 

CALATiw-JeNsesi, F.; Further inveetlgatior« of the genetic mechanian of the 
haptogfolMns. Acta Genet.. 7.’S49, 1957. 

; On the genetics of die hapfoglobi&s. Acta Genetica et Statistica Jtfedioo. 
8;232.£47.1958. 

Calloway, A.: Man In Africa in the light of recent discoveries. South African 
;. Sc.. Sd.BQ-IBD, 1937, 

; Physical Anthropology in South and East AAlca. Yearbook of Phi/eical 
Anthropology, 4i40-4d, L949. 

Calyxw, D. a. G. (editor): Nserrutfoio^. Brit Med. BulU 25.’I48, 1959. 
Calton, F.: Jtuiulrtet Into the Human Pacuity and tts Deorfopment. London, 
MacmiUan, 1863. 

Gark, S. M.; Types and replacement oi balr volume. Ann. N. Y. Aead. Se., 59; 
498.527, 1951. 

; The measurement of akin temperature. Am. /, Phys. Anthropol. iLS. 
12:1-4, 1954. 

and Coon, C. S.: On the number of races of auukind. Amer. Anthropol, 


57:998.1001, 195S. 

__ and Lewis. A. B.: Tooth size, and "giacY' fossil man. Amer, AnrhropoL, 


00:874^. 1958. 

.. and Smamip. Z.: Methods For Research in Human Growth. Springfield, 


Thomas, 1998. 

Gavrb, R. B. : Hunwn Genetics. Z vols. New York, MacnlUao, 1946. 
-; The African Pygmies. Acta Gen. Med. et GemeS.. 8.159-218, 1958. 


BlBUOCftAPHY 


719 


Gavai^, J, a., Wajhmmn, S- 1. And Lsvis, P. H.: Pbotognphy: &n acthr^^ 
iD«Oic tool Am. /, ?%#. Ambopot. a^. I0.*ajl-3S3, 195a. 

GaZot, C. !L: a r«vi«w of die middle aod upper Eocom primates of North 
Ameriee. Smithtonien WuccDmow CoDaetiom, ld9;Z-]12, 1958. 

Coot Vaacin. E.: L«s NieritotJt ZUU de Luftm (PAi&ppmer). Paris. Masson 
et Qe.. 1951. 

Gbtovss. S.: The feobloQ of ^ avt of cestain fossil hcnuoids, with spe<dal 
reference to the Neeoderthel M/tvm from Spy. /. Roy. ArtheopoL Inst, $4: 
131>144, 1994. 

Cbocbcan, B.: The determineticia of fiody coeasuremeot, surface area and body 
volume by photography. Am. /. Phys. Anrtrop., a*.. 11.-97‘119, 1943, 
Cbrasmov, M. M.: Vosstasovfenie Uisa po chenpu. Izdet^sttc AWemif Houk 
S5SA Moscow. 1955. (RecoostructlOD ctf dm feature on the akuQ). 

Gblftt, E. R.: HeptoglobiD Qrpe in Amenceo Neoes. fiOura, i8d;lfi2*19d> 
1959. 

--Js, A new blood groop enrigea found Id N^roea. Natan, i9i:lS£l- 

1222,1958. 

and On ASK , J.: Js*. a ‘'aew^ red^ell antigeo found ia Negroes; evidence 
for an eleventh blood group astern. Brit J. Hnma., 5:319^, 1999. 

E. D.: Radsocarboo datoa foe Austnbaa arehaeologica] and geological 
samples. Aurirel. /. Sc.. 1S.-49, IW. 

CaUN. J, (editor): For A SHancc of Sodd Um. New Yori:. Macmlllafi, 1954. 
G l a ss, B.: Oa the evidence c4 ludom genetic drift is b^m ta populations. Amer. 
/, thys. ArthsopoL, da, i4;941*555. 

— ■ ■: Ceoetio changes to human popuktiora, e^edally due to gene 
dow and genetic drift. Adoancm in Genetic^ 9.'Q5>ZS9,1964. 

, Saos, M. S., Tabs, E. P. and Hass, C.: Genetic drift in a religious isolate: 
aa aaalysla d the ctriKes of visatioo to blood group and other gene frequee* 
da io a small population Amer. Nd., 9&149.1d0, 1952. 

CosLEY, E. J.; Blood group frequencses in New Zealaad and Maori soldlws. 
Arm, Eugenia, 23.211-222, 1947. 

Gooycc, M.: Sur la cestiCnde de d^tennuMtioe dn se>e d’apris le fioiur, le 
cubitus, et I'huiii^Tus. BuQ. at Mdni. dc tc See. ^AnChrop, ferv, 9;409^]0,1957. 
CoiXksmrTH, E. L. C. (editor): Btood Croufe. BrU. Med. BuE, 15:89-174, L9S9. 
Gci;.orreo«. M. S.: Demogropitie end Bodily Chwiges in Descendenrs of Uaiecn 
I mmi g ronti . Austin, Tons, Inst Letu^Axneskon Stud., 1943. 

-: TheoiY of Survival of the unfit /. Nat Mtd. A.. 47:223-229. 1955. 

GsiAtmAsm, M.: Mon, the Slone and Mostor. New Yah, Cevid-Friede, 1938. 

Chav. M. P.: A meAod ftr redndng non-specific reactioDS to the typing of 
human skeletal matedaL Am. /. Phps. AnShropet, n,s., ig;139>lS9, 19g. 
Greekbebc, J. H.: Carreat treads Id UagmstioL ScfrAcr, 130:1165-1174 1999. 
Cnseony, W. K.: Studlen eo the evc^ntion of dw primates. BuE Am. Murrum 
Neriur. Hid.. 35.239*255. 1916. 

: The Origin and Ecokdion of the Htsnan OenNtion. BaMmore, 'Ullliams 
& Wilktos, 1922. 

' Our Face From Pish to Mer^ New York, Putoaia, 1929. 

: Uan’s Place Among the Anhfopoid*. New York, Oxford Vuv. Press, 
1934. 

—« i ; The beariiig of dm Austnlopitheciaae upon tim probka cf maa’s place 
to natuTB. Am, /. phpe. Afdwpol^ tLS, 7H&-912, 1949. 


72(J INTIlODCTCnOX IX) PHYSICAL ANTHROPOLOGY 

_ sad HBI.UJAN. M.: The aentltion d DryopUhecui osi the origin cS man. 

_. The deitfilinn of the ertntl So.n!i African Man-Ape AuriraMf^^ 

(Ph^jOlifopus) frtfrrWeAtts Broom. A compamrlvc «nd phybgfnotie st»ay. 
Ann. TrenMal Mui-, J9;3S9-373, 1939. 

CnswJCa. W. W.; Growth of obildren of the ame race onder different eoviron- 
mental conditions. Science. 127:515-516, 1958. 

_, A compaiis^t of the physical groivth nod development d 

aod native Japan«B children. Am. /. Anthropol., nj. l^.'ASg-SJS. 

_PvtB, s-1.: JWlogftjphle Atl« of Sfceietol DeDeIo))fnertf of the Hand 

and Wrist. Stanford, Stanford Urdv. Pres$, 1059. , •v . , 

Growth and Dtxchtmenl of the Child. Part II. Anatomy ,'md Physiology. New 
Y'orh, CeotUTV Co.. 1933. . , . i, . i 

Gexarw. H.; AJtom, lebensdauer, kranhhdt »nd tod 
{rtihgeschichllichen bevdifcmingsgroppeo. Wlssenseh. Ann., 3:171-180, 1950- 
GaOM, H.: Mastodon, mammoth and man in America. BoB. Texas AreheoL ir 
Pflienneol. Soc.. 22,101.131. 1951. 

GrOnbbsc. H.: Animal Genetics and Medicine. London, Hamish Hamilton, 1947. 
GVRevTToa. J., Hbwosi. D. and Pousau*. Z.: Rh blood types In Jenisalem 
"JmvS.” Ann. Eugenics. 15:129*130. 1951. 

( 5 ^ £ , Nottf on the cephalic index of Russian Jews In Boston. Am. }. 
Ph^e. Anihropol, 1:213-223, 1918. 

Hawon, A. C.: The Wanderings of Peoples. New York. Macmillan, 1911. 

- History/ of Arakropohgy. London, WotU, 1934. 

_. the Paces of Man. New YoA, Cambridge Univ. Press, 1924. 

Haadans. J. B. S-: The Causes of BvoMen. New YoA, Longmaitr, 1935, 
_s Hercdtty and Pohtics. New YoA, Norton, 1938. 

_. The blood-greup frequencies of European peoples, and racial origins. 

Himusn BhL. i2.>457-430, 1940. 

_. Wew Paths tn Genetics. New York. Harper, 1942, 

__: Disease and evolution. Symposium sol Fattorl Ecologlci e Genetiri della 

Speciarionl negli Aromall. La Plesrca Seier^ifico, i9rl*ll, 1949. 

: T>e argument from aoimaU to men. J, Rey. Anthropd Inst., 58fl-14, 


Haluoat, J. L.: PsychosoOel Medicine. New York W. W. Norton, 1948. 
HaCLOWILL, a. I.: Personality stnicture and evolution. Amer. Anihropd.. 52: 
159*173, 1050. 

. The structural and fiiocHorval dimensloos of a human existence. Quart, 
Pev. BicL. 3i.>88*101. 19^. 

HAMaty. W. D.: CnnJal capacity, a study In methods. Fieldiana Anthnpol 
(Chicago Natural History Museum), 35:25*75, 1947. 

HaMMONp, W, H.: The status of physical types. Hum. Biol,, 29:223-241. 1057. 
HArtKiNS, F- H.: The Racial Basis of CMiization. New Yoric. Knopf, 1931. 
HABiutrctoM, M. R.: Man's oldest date In America. NoftmjJ History, 84:512-517, 
19JS. 

HAiWf, D. B. (editor): The Concept of Development. Mlnoeapcdis, Uaiv. 
Minnesota Press, 1957. 

Hamus, K.: Human Biochemical Genetics. LoodOB and New York, Cambridge 
University Press, 1959. 


BlBUOCftAPMY 721 

■ ' aad Ealwos, H>: Tbe laeaairecMiit (£ tastt Matfvity to pben^^thiourix 

(P.T.a). Ann. /5;244I. 1949. 

Hamusok, R. J.; Man the P«cu£^ Asiieui. B«ltinore» Peoguia Bw^ 1959. 
Hecbtt, &: Ub«r eiocA FaO voo MikToepc^lolie ohoe Ceistigeo De£^. AreA. 

/. P9t/ch. u. tJenenkr., 97:6^76, 1933. 

Hssoi. A. 7. (editor): The Ar^ieeohgitt at Wetk. New Ycrl:. Huper, 1959. 
KxMxovm. M. J.: TAr Americea Negro. New Yoil:, Eaopf. 19&S. 

HiPTXBBRC, H. T. £., VursKToa, C. W. aimI Emahdb, L: StereoplioiogTajn- 
meOy u an aotitfopooietEie teoL Photogwnmetric Engtrufehrig. 2d;942-947, 
1957. 

H. T. B. (editor): Aosotstod biUiogni[9iy ot applied physical tirthro- 
fchgy In human enginwgring. Aero Medical Lebontory, WrlghNPtReison Air 
Force Base, Ohio, 1958. 

HmsR, F. C.: F r^Mto*^ M«s in Europe. Ncnean, Oklaheoa. Unlv. Oklahoma 
Press, 1956. 

; Specimees fmn Saodia Cave and d>eir posajhla sigoificance. Science, 
J22.'68d>689> 1855. 

HuatNAOS, J.: Physical aothrop^ogy and the frajoancy of gme with a selective 
valge: ite sickle cell gene. Am. /. PA^r. AiOhnpoL, ue. 15.'45&472, 1^. 
Hill, A. 6.: Principlss of Mschcsf SSatirtto, M ed. New Toik, Oifdrd Uaiv. 
Press, 19^ 

Hill, W. C. Osman: Uen't Afiecstry. Springfield, Ihdmas. 1954. 

-: PrinaUa: ComperoHee AnMomy and Taxanemy. L fifrep ri fAint. TI. Hop- 

torhini. HI. PttArooafett. New Tiel^ Intaerimce PuMislieis, 1953, 1955, 1957. 
Homt, H.. SCROLi^, A. H. aod StajC, D. (edfbns): Primototogio, 3 vols. 
Basel, S. Earger A. 0,1950,19S0. 

Hoca£ 24 , L.; The cooeept cd rac& In Genetic Prtnetpiee in Uedidne and Sodel 
Science. New York, Enopf, 193Z, p. 123-144. 

— Cenatie Prindptea in Uedidne and Sodd SdOnco. New Yoik, Knopf. 
1932. 

(edibv): Pohciool Arithmetic. New York, Macmillan. 1938. 

HoNiCMANK, J. J.; CuAvrr eiwf Penoanlitg. New Yoik, 1954. 

HOOTQN, E. A.: The and """"g of Knmaw races. In Twilight of Mon. 

New York. Poiaam. 1938, p. 80-193. 

; Cmne and tAr Man. Cambedge. Huvud Iftnv. Press, 1939. 

; TAs Amsrioen Crfgilnaf. Canbridge, Harvard Unlv. Press, 1939. 

■ ; Mon'i Peer RAdone. New Vodi, Doufaleday, Doran, 1943. 

■ - ■■{ Up From the Ape, 2od ediCoo. New Yoik, Macmrtlan, 1946. 

HoFwooo, A. T.: MiocesM primates from Eeeya. J. Lirtnaecn Soc. London, 

(Zoology), 37:437*464, 2933, 

HowAiffi> E. C.: Evidence of ceity in North Amedea. TAs Musevm Jountal 
(University of PomsyKania), S4;53-I71,1935. 

HowbpL, E. C.: Tbe place «f Neaoderdia! moD in bnmaa evolution. Amer. J. 
Pkye. AfoheopeL, ns. 9:379^8. 

-- —-« Pieistoeene gli^***! ecology tbe evdudon of "clasac Neanderthal’* 
man. Southtceet. J. Ardh/opoi, S.<3t7-410, 1952. 

: Tbe evoludonaiy of vamtioD and varieties fd ‘Tfeanderthar 

man. Quart. Reo. Bid, 32:330^7.1957. 



722 


INTHOI>UCTION tO PHYSICAL ANTHROPOUXJY 


__Upper Pleislocene men of *c sohUiwcsI Asian Moustcrian. Trw. Int. 

Seaadcfthol Con/. Congrets. Utrecht, Kwniok en Zn, J0S8, pp. 

___ Upper Pldstoccns stratigraphy awi early maa in the Levant fw. Atner. 

PWi. See., i03;l-65, 1959. , 

Howslls W. W.: ManJeind in Thg .^idfciflg. 2nd od, Nw lork, Dftiblalay, 1059- 

_(editor): Early Man In the Far East. Slutties in Hifsieal Anlhfopologv> 

No. 1, Philadelphia, Wistar lost., 1949. , , 

Variation of Ertomel So(tv Pom In the IndwKiueL Peabody Museum 


Cambridge, Klass., 1957, 

Boo* of HistOTV- N'ew York, Douhleday, 1954. 


HoYt*, L. E.: Phyvicel aothropotogy and its liis&umei^s; an hirtorical study. 

SowChtoaM. /. AnthfopoL, 9;405’430, 1953. 

HRDuiXA, A.: Eorlv Man in Sooth America. Smlihsoniao InstitutiOQ, Bureau of 
Ethnology, Bulletin, 52, 1912. ... • 

_. TAe SkfUtol fUnaint of Earlv Man. Washington, Stmthsomeo Mjscel* 


larteous CoUeedons, vol. S3, 1930. 

_. The Old AmertcMS. Baltimore, Williams and WiUrtns, 1925- 

__: PracUal Anthrepomctiy 3rd edldon (edited by Stewart, T. D.), Phlla* 


delphla, Wlstar Inst.. 1947. 

Hub. E.: Crdnas peloeUthiQuos. BibUogrophie. In Coogrte Prchlstorique de 
Frsioce, XU* Session, Tonlouse-Foir, 1936, pp. 113-235. Peris, Soclitt Pre- 
hlstorique Pnr>(aise, 1037. 

HuwT, JiL, E. E-j Anthropometry, genetics, and racial hlrtory. A*n, Anfwopo*., 
6I.«e4-S7, 1950. 

HUNTWCTOM, £.: MdiTUprings of Cioiliiotioiu New Yorh, WlJey, 1945. 

HuraELB, J.: Zur systematlseheD StelKing von Oreopitbaeus. VerA. Seturf. Get. 
Btuel. 55:86-95, 1954. 

_: Oreoplthecus, ua point de repere pour llustoire de ITiumanife a I'ere 

teftaire. CoOopue /nsemaf. Ko. 80, Centre National de U Recherche Sdentitique, 
Paris, 1958, 115-121, 

Cre^thecus bambolU Gervals. Ver. Natarf. Ges. Basel, 69;l-48, 1958, 


Hr.fft.irY, J. S.i Eookaion; the Modem SyntAaria, New York. Harper, 1042. 

——: Mon Siondf Aione, New Yorit, Harper, 1041. 

. ; EookUion in Action. New York, Harper. 1953. 

, ; Neto Bottlee For New Wine. New York, Harper, 1957. 

__ and Ua»on, A. C.: We Evropeona. New YoHc, Harper, 1036, 

HuxLBV, T. H. aj>d J.: TeucArtone For EtAics, New York, Harper, 1947- 

. £c4dence at to Man't Place in Nature. London, WilBaic A Norgate, 1863. 

iHcaAW, V. M-: How do genes aerf Scientific Amer., 198;68-74, 1958. 

; SeparaBon of the pepBde chains of human globia. ffattste, 283;1705- 
1798, 1959. 

l-ro, P. K.: Anlhropometnc study of new-born infants of Japanese parents In 
America. Am. /. Die. Child., 52:321-330, 1936. 

-: CompareUve biometrical study of physique of Japanese women bom and 

reared under different environments. Human Biol., H.’S79-351, 1942. 

Jacobs, M. and Stkrn, B. J.: Outline of AntAropologv> New York, Bames & 
Noble, 1947. 

Jbhhbss, D. (editor); The American Aborigines, Their Origin end ArOiquity. 
Toronto, UdIv. Toronto Press, 1933. 


BIBUOGRAPI^y 


723 


Jbnnq^cs, H- S.i Th4 Sicloiiai 6«rf» of Human Mitiira. New York, Norton, 
1930. 

; G^netia. New York, N«toiv I63S. 

Jepson, G. L., Uayk, E. sod Soosom, G. C. (editors): G^neHct, PaUcntohgv, 
ojtd Eoolaaon, Princetoa Univ. Press, IMS. 

JERTSOK, H. Bnin to body rsttos end die evolutiofi ti iotelBgeDce. Soienoe, 
i2J .>447-449, 1955. 

JoUMSQN. L. H.: Men sad la Axoerice. Sdcnt^ MorM^. 7S;215*221 

1952. 

JuNSS, F. WoOM Men's Plaet Jmon^ ^ Mesuneb. New Ycek, Lcoginsa’s, 1929. 
JtotoOK, fi.: The mslo freqaeodes of Mood creep genes io Swedea with special 
regerd to the Rh geoe. Aas Gen. Med. d GfwtdL, 9; 13^145, 1959. 

JoNZZS, J. H. sad DELAmESXATB, T. P. (editon): Abnomwi Baemegfcbing. 
Springfield, Thocnas, 1959. 

JONXii. J. H. P., sad Hoisuah, T. H. A tebofotorv Menudl on Ai>normoi 
fia^moglobint. Springfi^ *T1unas. 1959. 

KaMT, E. a.: Blood Croup SuMteim. New York, Aemiasic Press, 195B. 
KALbMAmr, P. J.: Heredittr to Health end Mental Ditorder. New York, Norton, 

1953. 

" sad M. M.: Twin studies in the psychopsdiology of suicide. 

Hereds^. 37:179.1945. 

KsLMos, H.: Defective oeioat visiosi, p.tc. tastiag sad dfepsnocytosis in sampler 
from fifteea BtariTii^n populations. Ajm. Bum. Cenettos, 21:313417. 1957. 

: Variation oruf Heredity. Loodoo, ftooCledge, 195S. 

KsELAN. B. A.: Envtrocaieiif sod buznso ^sstidCy. Am. AntfirffpoL, 55:790- 
800, 1954. 

ICbajcs, a. H.: Mon: Fait end Presont. Cambridge: st the Unlveaiaty Pr^, 1920. 
KsBt, J. A.: A study of tlto diffames betweo ™L> aod female skolU. Am. J. 
P%s. AfdJtnpoL, 1 U. 9.-65-79. 1950. 

KsiTK, A.: Tha Anri^utty cf Men, 2 vMs. f^wkW> \\^]liams 9 Norgste, 1925. 

->: Further Disoooertoe Rofsting to the ArriuTuty of Men. London, 

Wdlisms & Korgste. 1931. 

: A Note Theory of Huoun gpofiitfon. New Yoik, PhflosophiesI Library, 
1949. 

-: E tt o yt on Htemon £«oMriom Loi^«. Watts, 1945. 

; Foetahzatioo as a faecoe io humao evototion. In KaCh’s A Veto Theory 
of Hvmen EtohtffoA. london, Watb, 1949, nt. 192401. 

: An Autohtogntphy. Laodoo, Wstto, 19S0. 

■ : Human Embryoloe; end Morphology, 6th ed. Loodon, Araold, 1945. 

Ksam. R. A.: Aastocnktl dne to rtoe «r clipiato. In UNESCO 

Publicstl^ Arid Zone Research VIO, HwMn end Antoud EcoIoqt. New York, 
Columbia Uedv. Fras. 1957. $3-84. 

Krrciax, F. et el: P.TC. taste reeponse aod thyroid dlsesse. Bftt, Med. /, 1: 
Z0e9-Z074. 1959. 

EuKsoeao, O.: Race D^erences. New York, Uatper, 1S35. 

(editor); Cherecterfirito of the AmerieoR Negro. New York, Haiper, 

1944. 

Elocxbobk, C.: Mirror for Mm. New Toik, Wbltdeitey House, 1949. 


INTKODUCrlON TO PHYSICAL ANTHROPOLOGY 


_ and Kelly. W. H.: The concepKon pf cultwre. In LiatOQ, e^or) 

Thu bcieve of Man ir* World CrW*. Ne« YoA, Columblt Umv. Press. 
1045 

KtiA-Hi. H.: Behavar Uechinisms !n Monkeys. Univ. CUoago Pw 19«. 
Ki>ENW5WAU), G. H. R. vow: The South African Men-Apes ai^ P>thecar>thTcpus. 
Wajhinffton, Carnegie Inst.. Publication 530, 1042. p. 205-22- 

_The discovery early maa in Java and South China. In Eariy Man in 

the East (edited by W. W. HgweUs), Philadelphia, TTie Wistar Insbtuffe 

_ GiganiopUheCue blacki vtn Koenigswald, A giant fossil hoonnold frtim 

the pleblocene of Southere CWna. AniJtfopoL Papori. Am. Mus. No*. Hist., 43: 

2S6-33S. 1952. , 

_Af««ng Frehistortc Man. London, Thamesi & Hudson. 1956. 

_Meganihropus and the Australopithednae. In Third Pai^Affiean Con¬ 
gress on Frekiacry (editors J. D. Clail: and 8- Cole). Londoo. Chatfo & 
Windus, 1957. pp. 158-160, 

and Weidknbeksi, F.: The reUBocahlp betv^aen Pithecanthropus and 


Sinanthropus. Nature, 144:926-027, 1939. 

Korn N and Smjtb. H. R. (editors): Human fiwiiution. New York. Holt. 1959. 
Kraus, B. S- and Warn. C. B,: Micro-evolution in a human population. Amur. 

Arahropol, 58:1017-1043, 1956. __ 

Kraus, W. W.: Race crossing In Hawaii. /. Heredity, 32:371-378, 1941. 
KnFrec»*E« E.: Physique <tnd Character. New York, Harceurr, 1925- 
Keonsp, A- L. and Kukskorn, C.: Culture: A Critical Review of ConeepU 
and De6wlions. Papers of the Peabody Mueeum of American Archaeologif and 
Ethnology, Harvard Vnioertdy, 4r:viil-223, 1052. 

Krogmas, W. M. (editor): TTie growth of man. Tohtd« Biologleae, 2O.*vi-903. 

_A OtideOutUna for the Study of Physical Growth in Children. Phila¬ 
delphia, Philadclfdua Cento* for Research In Child Growth, 1958. 

- — ; Changlog ow. J- Am, Getietnes Soc., 6:342-260, 1058. 

: A Kaudbook of the Measurement and Interpretation of Height and 
Wdght la the Growing Child. Mon. Soc. Res. Child. Develop.. 6:l-68. 1950. 

; The human skeleton In legal medicine. In S. A. Levinsou (editor): 
Symporium on Medicolegal Problem*. Philadelphia, Uppincolt. 1949, pp. 
I-IM. 


t A Bibhography of Human Morphology, 1914-1930. Chicago. Univ. 
Chicago Press. 1941. 

Khopotun, P.: Mutud Aid. Boston, Porter Sargent. 1955. 

KnzYwtciu, L.: PrtmlHre Soefetp and fu Vital Statieficr. London, Macmillan, 
1034. 

KUNO. Y.: Human Perspiraiioru Springfield, Thomas, 1956. 

KuRTSN, B.: Mammal migrations, Cenos^ rintigraphy, and the age of Pekiog 
Man and the Australopilhecints. J. Paleontology. 31:215-237, 1957. 

. ; A Case of Darwinian sdccQon in beair. Evelutton, 21:413-416, 1958. 

. . ; A differentiation index, and a new roeasure of evolutionary rates. Eoolu- 

tlon, 22;14&-157. 1658. 

; The life and death of the Heistocese cave bear. Acta Zoologloa Pennlca 
95, HeUinki-Helsingfon. 1959, pp. 59. 



BieUOCRAPHY 


rs5 

Koto, a. K. *Bd Epcbstw, H. A.: D^etfMy of Tm tad SvmboU. 

New York, WUey, 1939. 

L*C A C. T . F , A. D-: CiitelpefTOn: a oew survey o£ its Industiv ArcW 

ologia, BS.^119. 1947. 

-- The stooe uAxatiy U Singa-^ Hufar. lo FogtH Uammtit of Africa. 

No. S, British Moseiun (Natvnl History). 4^^ 1 ^ 1 . 

Udsu- W. S. S.j The iofloeace at eovlronmeot lo arid r<«io» oo the biology 
of maa. la Htnneo end Afdmel £eo2o^. UNESCO Puhlicatioo. Arid Zone Be- 
seajvh Vlil, New York, Cohanhra Univ. Pms, 1957, 43 . 99 . 

LAJ«cn, W. L. {editor); An Encvclopeedia of WorU Nsriory. Sid ed. Bostou, 
Hwighton MiSin. 1 ^. 

Lasebu, C. W.: The effects oS pertiaf stwiboo oo scuatotype. Aa aaalyris of 
rasteilal frero the M i rmewte staiyatioQ espedaiaat Am. }. Fhys. AmJvopoI 
ns. 5:SSd-341, 1947. 

-- Migration and physica] diffomtietKo. Am. J. fh^t. AnthropoL a.$. 

4;273-300. 1946. 

-: Mixture and genetie drift ia ongoing faunas evotnrioci. An. A«Arepol., 

54.433^. 1959. 

— ; Hunan evolution in contenp o r ary cwiaiwiiiiriei. SoiriAtoesf. /, AnTfiropol., 
4^353-365, 1954. 

LAPCifLDr, W. S. (edittv). Pepera on Che Fhytksl Anthrapoloi^ Of Anericen 
rndioTv New York, VUdeg Food, 1951. 

— and J^MENSor. J. B.: Isolate variabon la Gre«daadie oanie. 

Aaa Cen. et Stat. Usd., d.3-12. 1956. 

—Ckat, M. F. and Hosbms, C. Blood groep genetics of the Basques 
of Idaho. Aoto Con. ft. Stet. Ued.. d;53644B, 1959. 

Lawleb, S. D. and Lawleb. U Humes Bloc^ Croupe end InfaeriConoe. Har* 
vtfd Univ. Press, Cambridge, Maas, 1997. 

Laybiisse, M.: Antheppological gf the Diego {Df*) antigen. Pos¬ 

able application in the studies of Mongoloid and hyb^ popolaboos. Am. /. 
Ph^. AnChropol., B*. 16:173.166, tdS& 

-- and Db Layeisss, Z.: Frequency edtltf new blood group aorigeajs* among 

South American Indians. Noiure, 164:640,1959. 

Leaeey, 1. S. B.: Oidwooi Corgs. New Yoik, Cambridge Umveisity Press, 1951. 

— -: Adam's Ancestor^ 4th ed. L o n dcii, Metbiec, 1^13. 

; A now fcsril skull from Eyaaai, East Africa. Nature, J39;I08^ 1936. 

; Recent discoveries at Oldovai Gcrge. Tanganyika. Nature, 161:1099- 
1103,1^. 

; A new fossil skuQ from OkhivaL Nature; 164:491^93, 1959. 

Ls% M. M. C, and Lasefb. O. W.: 'Hw apn^armtog potential of boman skin. 
Human Btoibgp, 31:252.260, 1959. 

LsEUAMK. H.: Haemoglobin and (ts abnoimallries. Proorittonar (Loadoa), 276; 
198-214, 1957. 

LxBOi-CooBaAK, A.: Prshtstoric I4an. New Yoik, Phikeophica) Ldxisy, 1^7. 

I.BS 8 A, W. A.: An Apprmml of CoiutUtaional Typelogiet. Amesiean Anthropo¬ 
logical Assodarioe Memcrir, No. ^ 1943. 

Levik, C.: Rada] and inferkeity ebaracten in dm busnan brain. Am. /. Phys, 
Anthf^L. 22:345.380, 1937. 



72ft 


ISTK<)DUC:nO?4 to physical anthbopology 


LtviNB, P., Laywwb, M,» Abknts, T., &«*<% B. D.t The Diego blood /actor. 
Notvre. J7r;404i. 1W6. 

Lewis, ]. H.: T/tc Biology of the Negro. Chicago, Univ. Chicago Press, 1942. 
Lewi», XI., Katta, H. and Chown. B.: The bl^ groups of a Japanese popula¬ 
tion. A.J. Hum. Genetics, d.>274-283,1957. 

Lr, C. C.: PopuleUon Genetles. Univ. Chicago Press, 1955. 

; Intfoduelion to Sta/lsllcel Inference. Ann Arbor, Michigan, Edwards 
Bros,, 1957. 

UuBr, W. J,: Radiocefbon Deiirtg, 2nd ed. Dnv. Chicago Press, 1955. 

LivroN, R. (editor): The Science of Man in the World Crvis. New York, Cohini* 
bia Unjv. Press, 1944, 

- (editor): Most of the World: The Peoples of Africa, Latin Afnarico, end 

fhc Best Today. New York, Columbia Ualv. Pr^, 1949. 

LiVLKAStoNB, F. B.: Andiropological sigolficaace of dckle*oe41 gene distrlbuilon 
is West A^ca. Am. AnthropoL, 60:533^32, 1958. 

LoKciuM, Ja„ J. J. vah: Nomenclanre of the rhesus typing sera. BuS. World 
HeaUh Orgentsatten, 2:215'S25, 1949. 

Lom, ], P. aod GoootjK, W. A.: Voyages of exploration to judge of the bearing 
nf hybridization upon evolution. I. South AMoa. Genetica, J().*vhj'315, 1928. 
LowtB, R. H.: Intellecnial and cohural achievemenU of human noes. In Soian* 
Hfie AspecU of the Race Pnblem, Now York, Longmans. 1941, p. 189*249. 

--; The History of Ethnological Theory. New York, Famr ft Rinehart, 

1937- 

Luco, J, W. H.: Taste thresholds for phenylthlocaibanlde of some populations. 
Ann, Num. Ccnatics. 21 .'244*258. 1957. 

XfAcALiaren, R. A. 8.: A Teohooi of European Archaeology. Cambridge arnl 
New Yoijc, Cambridge Univ. Press, 1921. 

MAcCunnjr, G. C.: Hvmen Origiv, 2 vols. New York, Appleton, 1924. 

— - (editor): Ecri^ Men. Philadelphia, Lippincott, 1030, 

MacCowan, K.: Early Man Sn the Neto World. New York, MacmillaQ. 1950. 
.MacJns’is, D, G.: Notes on the East African Mioceoe primates. /, East Africa 
Uganda Netur. Hist. See.. 18:141-148, 1943. 

McBuwnY, C. B.: The Stone Age of Northern Africa. Baltimore, Md. Penguin 
Books, 1959. 

-TazvoB, J, C. and Wslls, L. H.: The Haua-Fteah fossil jaw. ;. Roy. 

AnthropoL Inst.. 83.71*85, 1953. 

McCown, T. D. and Kxrm. A.: The Stone Age of Movni Carmel. Oxford, The 
Clarendon Press. 1939. 

Macy, I. G. and Kblly, H. J,: Cltemicol Anthropology. Univ. Chicago Press. 
1957. 

Sf wtfjfCLZ, C- C. M. aod Kmzv, J.: Pooer^ and PvbUc Health. I^odon Victor 
CoOancs, 1936. 

Maini^no, D.: Elementary Medical Statistics. Philadelphia, Saunders, 1952. 
Mats, M.: Die HShle Veterrtca. eiae neue palioUthische Pundstelle in KroatfaL 
BvU. SdcM. (Jugoslavia), 3:11, 1956- 

Makuila, a.: Recherehes sirobgiques et anthropologiques cbes Itt populations 
de la Boumanie el des riglons volsioes: Contribution a I’^tude du probUme 
Dlnarique. Arch. /«!, Klaus-Stiftung f. Vererhungsf. Soiialanthrcpolo u Rowan- 
hygtene, 32;21«57. 


MBUOCRAPHY 


727 


. . Bk»d giWCis %ikI d f y "? r(* —haM facts and delusions. 167 : 

2047.2053, 19S8. 

KUrdep. V. J., and Cwlsv, C L.; Electnaf^icatds of b«DV«lol>fc on agar gek. 

Suit Jcitra Hophn* Hasp., 10S:T1^S, 1^0. 

UAXTDt, H.: Th4 ShtiS^n^ D«»ert New Tcri; Ndaoo, 195$. 

MaRTIH, R.t L^bvch d«r ArtiwpologU. &»d ediBoo. 3 vofe, Jena, Pisclior, 
1928. Thiid edition edited by Eari SaDer, began to appear in parts. Issued by 
the same pubbahv. In 195$. 

Matos, S.: The mongol spot io ibe Cape Coloured. S. A/r. MedJ.. 12 April 1941, 
May, }. M.: TAe Eceiogv of Hwmo DiMsae. New York, MD Publlcatiore, 1959. 
Mat*. E.: Svi«moa» ond Origin of SpOCt^ New Yorit, CohanWa Univ. 

Press 1942. 

. Tazonoouc categories is fossil CoU Spring Horhot Strmporio 

on QuootiUttoo Bioiogi/, 15:109.118, 1350. 

_ (ediW): The SpeeUt ProWam. Washington. DC American AasodaOce 

for the AdvanoessenC d Sdenoe, 1957. 

_LntfSieY, G. E. and Uasnan, R. L.: Uahodt end Principler of Svstomatie 

Zeohgy- New Todc. McGnw-Hifl. 1953. 

MsoOBitt. B. J. (edUnr): £oolu«nn ond Ardhtepologv: A CeniennioZ AvprMol. 

Washiagton, D.C., The Anthtopoli^ioaS Society <d Washington. 1959. 
MessMTH. H. V.: Relatioo between sodoeconoosc status and body si*e in boys 
seven to ten yenrs of age. Am. j. Dia. Cfdid,, $2:702'700, 1951. 

MiBRrrr, E. L.; Ane^tf«l Pfeeugremmafry- New Yo*t Pitman, 1958. 

MsRT«s. B. B.: Taste seatrvity to FTC. Acta GomUco at SteMica Uediat, $-• 
114.12$. 195$. 

MjsatoN, R. K., and M<P«A«r, M. F. Ashlbt: Cnme and *e aathrepologlst Am. 
AnthnpoL. 4S:3$4-408.1940. 

Mfitlbi, P. a.: Cufnon and the Stwtmrd Eotrfutkm of the Some SuHem. 

New York, Am^icao Uoseum of Naznrai Hlstsry, 195$. 

Mgwsnrwrt, H.: A M^aml for N'nwidartAelt. Asstin. Unlv. TeaaS, 1957. 
Miwt*TOM, J.: On floecme in bones, its souitse, and its appBeation to the de- 
tenninatloB of d»a geok> 9 cal age of fossil btaxa. froc. Gaol Soe. Lend., 4:431- 

433. 1844. . 

Miller, Jfu, C, S.: Tbe couUu v mvy ovw homao “missing bob. Smtthsomen Re* 
port for 1928. Smlthsoniao InsflCution, Waddngton. D.C, 1929. 413465. 
Mote, J-: Taste sensitivity to ^enyWuonxea in Denmark. Ann. Hum. Gencties, 
21:2$2-286, 1957. 

MoNCE, Ct Acetimatisation in die Andaa. Baltimnre, Johns Hopkins Press, 1948. 

_. Biological beds rf bAavior. In A. L. Kiodt® (editor): AntAropOlOflf 

Today. Uoiv. Chicagn Press, 1953, 127-144. 

MoktaCO, M. P. AsatEt: A eowoiy eaaminatioo d ^ rdations between pbyacal 
and sodal anthrc^ology. Am. J. Thpe. Atilhrapei, 264141,1940. 

_. Bdtewrd Tyson, «J?.. PJLS. < 1650-170$): end the TUao of Hvman and 

Comperotioe AMm ^ Amerioac Mosophical So¬ 
ciety, 1943. . - 

_, The inleDigaico of noelhere Negroes and southern whites in the Brst 

Wceld War. Am. /. PepdtoL. 48:161-186, 1945. 

_: On the relalicm between body aze. waking activity, and the origin of 

life in the primate*. Am. Arri^wpok, 44:141-145, 1944. 


72S 


INTHODUCTIOS* TO PHYSICAL ANTHROPOLOCY 


; PhyMKiI anArr>prtlt>ay JUhI Anatomy. Ami, J. Fhy*, AraJiropoi. 27i26l* 
271, IMl. 

; The premirriD* in flic primAtes. Quart. Art. BU>1, IO;32*59, 181-209, 
1939. 

; The prcmaxilU in man. /. Am. Deni. A., 23;20434057. 1*36. 

; The medio/rontal {future and the proHImn of meMpism In the priniales. 
/. ilejf, Aftf^fopp/. Inst., ffTflST-SOl, 1937. 

; Cenelic5 nod the ajrtfQuIty of mao in the Ajnericas. Kan, ^;13L*135, 
1*43. 

; MsFiV Most Donierous Myth: The FsUecv of Race, 3rd edition. New 
York, Harper, 1*58. 

» The rarrtaj) hxi)oU)ea» and the daceot of man, /. R^. Afithroi>ol Inst., 
60:335-362, 1*30. 

» The origin and nature of social life and the biologica) basis of ooopeia- 
Uon. /. 5oc. Pavehof., 89.267-263, 1*4*. 

; On Being Kuman. New York, Schumen, 1950. 

; Zlonoin, Comoetition, and Cooperarton. New York, Schuinan, 1*52. 

; The Natural Superiority of Women. Now York, Macmillan, 1953. 

; The Barcojnbe Mills crarual remiiiw. Am. /. Thys, Anfhropol, n,s. *.' 
417-126. 1951. 

; the Pllrdown mandible artd cnunimi. Am. }, Phyt. AtUhropol, nj. 9: 
464-470, 1951. 

! The PiUdowT) nasal turbinate and hnne implement: xnmc qiieidoos. 
Science, n*:S84-S86, ldS4. 

! Time, morphologv, and neoteny in the evolution of man. Amer, Anthro- 
l«d., 57.13-27, 1955. 

: The Xanam maodihle. Amer. Anf^iropol., 5*:335’d3*, 1957. 

; Neoleny, and the evoluClm of the human mind. Explorations (Urdversity 
of Toronto), No. 6, ^90. 1956. 

: The Natebes innominate bona. Human Blobgv, 27:193-201,1955. 

: The Direction of fftinoA Decelopment. New York, Hajper, 1*55. 

: Afithropology and Human Nature. Boston, Porter, Sargent, 1*57. 

! The Re}>roduclioe Deoelopment of the Female. Now York, Julian Press, 
1957. 

; Human fieredtii/. New Yoric, World Publishiog Co., I*Sd. 

: Uofv His Fi/sl Million Tears. New York, New Ameriean Library, 1958. 
aad MoiTON, K K.: Crime and the anthropologist. Am. Anthropol., 42: 
384-406, 1*40. 

—and Oaclsv, K. P.: The antiquity of Oalley Kill man. Am. J. Fhys. 
AnthropoL. c.s. 7:363-364. 1*49. 

Steen, E. S.: Arurtoffiv and Physiology. 2 veil. New York, Barnes & 
Noble, 1959. 

Muktoy^ H. j.: T?te Longevity and Morbidity of College Athletes. Fhi Epsilon 
Fraternity, Indianapolis, Indiana, 1*57. 

Moon-jAJ<KowsEf, J. K.i La preponderance du groupe sanguin 0 et du facieur 
Rhesus n^galif vhez lar Waker de Suisse. }. Gtn. Hum., 3:25-70, 1*54. 

aod Hgsen, H. J.: Seroantbropclojical invesagations in the Walser and 
Remaoish isolates of the Swiss Alps. Proc. 6th Congr. Interna. Soc. Blood 
Tranrf,. Boston, 1956, BlhL Haem., 7:215-21*, 1*58. 


BfBUOGRAPHY 


73£> 


MftRAKT. G. M.: Th^ Bocm of E«w. K«w . ... 

__ Studies erf Pakeolithic Mia. Aiwi. £u|em«, 2.*257-fi76, 1626. 2-319- 

391, 1927; 3j 337-380? rfrl09-214» 19&0. ^ w t 

_. The precflcil appBeattflo d physical u^MopeAogy. 2eU. f. Mof77ft, «. 

AfrfWpoL, 219;I9«04. 1958. ^ 

Moaoesv. M. G-t P«t» fros* BAmore, Peogum Book*. 1951. 

MotTLLK. J. tad FwB. J. M" Fwqoaaeies of 4e hq««lobin gnn’Ps >" 408 
Freueh bbod donoc*. Neto^ 28^:196-197, 1999- 
MooSAKT. A. B.; rfce DttWboCtoa of Ae Huwm Blood Gwps. Springhald, 

—^^^lood groops and human evohition- Ffoc. Brit. A. Ado. Set.. Ko. 50. 

^ —* jho ABO Blood Gfosps. SpriagMd. Thomas, 1958, 

Movros, JP.. H. L: Low® pakolidac ard^aeoJ^ in So.^ A^^ ihe F« 
East In Eoriy Mon in tho Bar Sort (edited by W. W. Howefls), p. 17-81, 
PUhuWphia. The Wistar Instttnte, 1949- i , f 

_. Palaeolithic afcha«*)fy in Smrtbern and Eartem Art*, esclusive of 

lodia. J. World Biat.. 2.-25Ma2, 529-SS3. 1W5. 

Mvu-Kii, H- U ImE, a C. and S>m«, L. H.; GeneMs, Modidno, nod Men. 

Ithaca, New YoA. Coendl Uc*f. P«. 1947, 

MTWAt, G.: Aft Armian Dilemma.- The Sagro Pfohiem and Amertom Dom«. 
foev- 2 vote. New YoA. Haip®. 1944- 

NABOiJirt, R. K.: Emergent ewlutkn and hybridism. ScloBce, rJ;37M75, 1930- 
NASknTH. G.; Social Prograa and Ae Denwdon TWsf. New fotk. Putnam, 

V.: The Comparatroe Anetomg end Phyaioiogy of the Bon ond Tarenasot 

Slmrto. Bahimore, Williams * WOkin*. 1K8. , ^ ., . __ 

NawMAK. H. H-t UokipU Btmen Bkthe. New YoA, D«bl^*y. 2^- 

_, FnoMAje. F- N. and Hca^mtcB, K. H.: Tvinr A Sfw^ of Beradity and 

Bfwironment, Qdeaff>. Veev. Oiiea^ Pirns, 1937. . . , _ 

NewUAN, M- T: The .ppJieitjmi of ewlogknl 
d dM abcdginal New Worid. Anar. Airtropol, 55 j309-327, 19W. 

Nisssi, F- W.: A field study of the CiiinpaJize^ Compt PapeW. Monogr., o: 

Notes and Qu^iat on AnAwpolegff, 6th ed. Loodco. Routledge, 1951. 

NwAK, M.: CW HaptofWsDbestimmunl Im Secinn. NoroirtJconzentralion unO 

V^ialtnis 2 U Spidiig Semogsuppea. Clow Chim. Ado, 3.*I11, 1958. 
0**L*T, £. P.: A defimtieB d mao- Science N«« (London), Pengoin Books, 

No- M, May 1951. 68-81. iq 

Tcxds m braiM—whiA came first? The Listener (Londoo). Dec. 19, 


1957.1027-1028. . 

The miheet tool-inekcss and Ate earliert fire-mak®*. 


_ ___ _ AnA^urtV, 30,*4-8, 

Tod-Uakar. 4* ed. Londoo, Britidi Museum (Natural Kis- 
tory). 1958. Chicago, UMv. Chicago Press, 1958. 

_Dating fossa men. Mem. O Proc. MencfieaSer Lit fr PhiL Soe., 98, 


: Swamcombe man. Pmc. Gaol Asaoe^ 83.'27l-300. 1952. 

«nd Homssy C. K-. New «vld«K« on the antiquity of filtdown Man. 


Nofurs. ifid.-STMSS. 1950. 


7f«» INTRODUCTION ‘I'O I*HVSICAL A>JTilROPOUX;y 

and Momtacw, M. F. AbiiL&v: A reconsiderafion of the Galley Hill 
dtelHon, BvtL Brit. Mwevm NeUir. HiA. J;35^ 1949. 

OiJVBK, J. A., Maouy, I, nnd Got, C.: Serum hapto^loblru Id hepatobiUnry 
disease. BHL W. i; 1454-1456, 1959. 

Ouvian, C. and PmsAV, H.: DeleRninarion du aexe par )e poids des os. BuU. ct 
IfAn. * la Soc. d’Amh/op. Paris, 9:329439, 1958. 

Oi^ON, e, C. and Miller, R. C.; U<yr7>holcitcat Integration. UbIv, Chicajo Pre«, 
193S. 

O77ENS0O9BR, F.; Blood groups, races and prehlstwy. Hum. Biol, 27;253457, 
1^55. 

Owen, J. A., ACaceay, I., and Got, C.; Haptoglobins in hepatobiBary dfseesc. 
Br. Med. 1.1454-1456, 1956. 

Parnell, R. W.: Behavior and Pht/riejae. Loodon, Arnold, 1958. 

Patoson, D. C,: Phvsique and IntaUeet. New York, Century Co., 1930. 

Pattb, fi.: Les NeanderihoHens. Paris, Masson, 1955. 

Fatten, W.; The Grand Strategi/ of Eoohtion. Boston, Badger, 1920. 

Patterson. B.j Tlte geologic history of die non-homitdd primates in the OU 
World. Hum. Bid.. f6;191-209, 1954. 

Peacooc, L. j. and Roozrs, C. M.r Gestation period and tvdoning in ehlnuiarcees. 
Seienea. J39.*959, 1959. * ‘ 

Pearl, R.: IraroducHon to Mcdkel Biometry and BtOistics, Srd edition. Phila¬ 
delphia, Saundeia. 1940, 

■ The Bate of Lining. New Yaii, Knopf, 1928. 

-; The search for longevity. Sirienf. UontMn, 46.‘46a-483, 1938. 

and AfoTTET. E. W.: Bodily eorutirutlon and human longevity. Proc No* 
Ac*f. Sfiences, 25;609-816, 1939. 

--: hfan the Antmal Bloomington. Indiana, Prindpfa Press, 1946. 

Pearson. K,: Relationship of intelligence to slae and shape of (he head and other 
mental arid physical characters. Biometrlia, 5.^10S^10e, 1908. 

* discovered in China. Amor. Amhropoi. S9: 

vo4*<kJ6> j95T« 

Hundred years of Anthropology. 2nd ed. New York, Mac- 

P<^A, D, and Marmomton. J.: Natural Rasistance and Clinical Medicine 
Baltimore. Williams & WiDriis, 1941 

^ncoTT, s.: Approach to Archaeology. London, Black, 2659, 

et PeUontologk Humoina. TroUd De PaUontolode 7- 
1-657. Paria Ma-son et Oe., 1957. - 

»wtJvlty to phenylthlourca in Spaniards. Hum. BU. 27:153- 

VGav*. 

Y939’'*' 

” WUw SfotWto,; uahed, tn aicmancd N„ j„k, 


fiJBLIOCKAPHY 73: 

Rbd, a. K sjid M9U4CAM. H. H.: R^tioo of onaial capodc^^ to intdlig^oce. 

/. Bov- An^tr^poL Intt^ 53.-322-332. 19SA. 

Rjrs, D. C.: Dies of Detfn$r, 2iid ei. Cohimbua, Ohio, Loag’s College Book 
Co., 1M7. 

Roattts, O. F.: Body weighc, and Am. /. Phys. AnArepot, n.8. 

11:533^. 1953. 

; BsmI metabolfaa. nee and chnato. /. doy. ArtthrepoL Ifwt., 33;169- 
183, 1953. 

; An ecological approach to phyaeal aodiropology. Actes Cengr. IV Irtifr- 
Soi. Anchropoh et BthitoL, J:145*148, L952 
RcaSftTS, D. F. and Weikbi, J. S. (edetMs) : The Scope ef Phiflccel AnthfOfMihgv 
and its Place *n Academic Studies, h oadoa. Institute Iot Biology, 1958. 
BoBntn, J. A.: Surnames and Uood poops, with a note oc a probable remajh- 
able differeoce between Nmth and Sooth Wales. Nature, 14;138, 1942. 
RoaeitTa, J. FnasBi: An Introduetipn to Medical Geoetia, iod ed. New York, 
Oxford Univ. Press, 1959. 

; The conUbudoo of gtnKi ca to lAyscal andiropology. /. fU^. Anihro^^ 
lad., 69:115-129.1958. 

Robinson. J. T.; Tdarnfaropos and Its pfaylogemlic signlBeanoe. Am. J. Phf/s. 
/Mhfopoi. oa. /r:44&^l. 1993. 

— —; The DentOUfn of the AtMtrnhmsthannee. Tcwsvaal Moseum Memoir 
No. 9, Transvaal Museum, Pretoria, 1956. 

; Occ uri t u ce <d artefacts wftfa Austrah^tbecus at SterldoateiTi. 

Neture, i60.<531-594,195r. 

; A bme implmneot Jtcb Sterkfrnitmn. Ndtvra; l6d.*583-585. 1959. 

; CraaiAl cresliog pattens aod their agrsficance in the HomnKndeni Am. 
fV> Anthropol.. XLS. i6;397>428. ISSk 
RooEsrwALnT. £,: Die MastizeR auf Kiear, 2 vrda Batavia, 1927. 

Bob, a. and Simbson, C. C. (editors): Eeolutioa asA BAociot. New Hiveii, 
Yale Udhr. Pres, 1998. 

RoasEBi, A. Man and ike Vartebrotm, 4th ed. BaltiiQore, Fer^goia Books, 1956. 
Rowan, W.: The fUddla of Migratton. Bahamcre, Williams A 1931. 

RowB, C. W.: Genetics w. pfay&eal anthropology In detenaisiag rsoial types. 

SoutWeri. ;. Attfhropol. 2;197-211, 1950. 

BiTca, T. C.: BAkogrephica Pnmatdogieo. Springfield, Thomas, 1941. 

-: Dimwes of Laboretor}/ Primates. Phikde^faia, SanndtoS, 1999. 

SaanANBa, F. H.: Taste tfareiludds for pbesyKhiouret among Japuese. Ann. 
Mvm. Generic, 22:381^^ 1958. 

Santss, B. S.: finceronnent end Gvotca^ Bahinnre, Warwick & YoS:. 1934. 
5cBEENrELJ>, A.: The New Too vtd Nsraditp. ^oladdidiia, li p; aneow, 1950. 

-: Women and Men. New York, Haicourt, 1944. 

ibe CQtftali^ of mca and wonea. Scaent^ Amerioon, J98.’22>28, 1958. 
ScHENXs, E. T. aod McMastbs, J. H.: Preeadares In Taxonomy, 3rd ed. CaH- 
fbreia, Stanford Umv. Press, 1996. 

SMOLTZ, A. H.t Fetal growth of man asd otbv primatos. Qtual. Bso. BioL, i; 
493-499, 1926. 

; The skdeloc of dw tnn^ and of hi^er primates. Hvtnan Biot, S: 
381-383,1930. 



712 


INTRODUCTION TO PHYSICAL ANTIfROPOLOCY 


——; Die iC<iq>en)rfip()rtioiu«M ilct {Twjd)>;«inj PriniuKTi, mjt speneUer Be¬ 
rt Whicbtiguijj' dtT Xlwwcht«nnlf<^. Anthrovol. AjiZ.. 10; 154* 185. 1W3. 

—: ChiUdvIor^ comjison lughor primau-$ and duuucim specific for man. 
Qu<iTt. Rec. RiM.. :j .<259-283, 455-455, 1038. 

-OnlftxcncMc ipctinliaitiorto of man. Arcii, JnUus Khiit-StifiUfic. 24- 

197.316. :949. 

—Die Bedeuhjng der FnmUenfcuAde fUr das Veirtandnis der Anlhropn- 
BvMsv. Dvtit Cw, /. 13-28, Gotti n>«n, 1957. 

-Past and presoni views of man's specializations. JfUh /. filed. Sc. 341- 

356.1957. 

-: The physical disdnehor*. of man, Proe. Am. FhiL Soe.. 94;428.449. 

1950. 


Scwwesihcbh, C. C.: Hereditf/ and Endrennani. New York, Holt, 1930. 
Scott, E. M., Gaiptsth, I. V, and Hoscins, D. D-: Lack of abnormal beoioglobiiLs 
in Alaskans Eskimos, Indians, and Aleuts. Science, 225:719-720, 1959, 

Scott, J. H.: 'The vartahility of cranial and facial dimeosions in ckodem skulh. 
BtH. Dent. J.. 94;2741, 1958, 

Seucmasi, C. C.; Paces of Africe, 3rd ed. New York. Oxford Univ, Press, 1957. 
SELunns, E. H.t Esrfir Afan in Amrrfoa. Austin, Univ. Texas Press. 1952. 
SuMPts, N. M„ Simmons, R. T, and CiustkjN, J. J,; Blood group fr^uencies in 
naHves of tbs Cenlral Highlands nf Now Guinea, and in the Baintogs of New 
Britain. Merf. J. Austrof., 365. 371, Sept. 8, 1956. 

Smawro. H. L.: Defendants of the nintinem of the bounty. A/eni. Bomice P 
Bisliop Museum (Honolulu), 9.1-lt)6, 1929, 

--- The Herilege of the Botinfv. New York, Simon 4 Schuster, Irw., 2936. 

--- and HuuE, F.: fUgreHon and BnoSronmcrU. New York. Orford Univ 

Press. 1949 

Shex^w, W. H.: n« Variefies of Human Fltveigue. New Yorit, Harper, 1949, 

-- The Vorictiee of Human Temperoment, New York, Harper 1942 

-- Varicft'ca of Delhujuera Youth. New YoA, Harper, 1949, 

-; AiiatofMen. New York, Harper, 1954, 

Simimu,, R H. Shoo., D, a. .od Vaozo, A.: Tl» «I.Sonshlp wbisHog 
hetween body length, Itmbi and jaws in man. ;. Anat., 83.<296.302 1949. 
Shhwincton. C.: Won on Hie Heture. New York. Macmillan, 1941,' 

Skrtus, L. B,: Biological sex differences with special reference to disease, resist- 
ance, and longevity, /. OI>tt. ie Gvixaec. Brtf, £mp., 45.>288-a95 1058 
Si»«^ R. T„ Chavwh, j Shikmm, s.: A Mood grni.p goo«io,l lorvo, 
in Thais, Bangkok. Am. J. Ph\is. Anihropol, r.s. 22:407-412, 1954 

Giuydw J. I and SnMPur, N. M.: A hlood grmrp genedcaJ survey In 
Au»traJ(aa aborigines. Am. /. Phvs. An#hre;7oI., nj?. 22;59&.806. 1954 

-: fJ; J - N. M.. «d ftr. E. 1.: A blond group geoelical 

and comparisons with AmericaD^niaas. 
Am, /, P%s. Atuhropnl.. n.s. J3;667-e90, 1955 

-- (^yrwN, J,. SiMPtB. N. M. and Swisolzb. D. R.: A blood armin 

^ Gkavoon. j. a blood group genetical survey in Eiuitefn and Central 
KJynerfans. Am. J. Plus. AnthmpoL, 25:357-856, 1957. 


1 


BIBUOCRAPllY 


733 


I SsMPut, N, M., Clblah^. J. B. 4nd Cabu^v^Skiith, J. R.: A bl©od group 
geneEfcal survey In Axxffralian aborigin«B Haesl's Bluff, Central Aiistralla. 
A»n. Ph;/s. Anthfopol, 15:547-554. 1957, 

SlUPSOK, C. O.: The prlndples of cUssiBcatloD nnd a classificatioD of manunaU. 
BuZt Am. Mueeum Uotur. HiH., $5.’xvl*3S0> ld45. 

: Tht Mofof Features of Evohtion. New York, Columbia Uaiv Frau, 
1953. 

; T/i# Meaning of Ewhtion. New Haven. Yale Uulv. Presit, 1049. 

-—, PrrTENfiwcH. C. S. and Tiffaky, L. H.: An Intrf>ductlnn to Biology. 

New York, H&rcoujt Brace, 1057. 

--. R08, A. and Lswohtin, R. C.: Qwmtltative Zoology. New York, Mc- 

Gmw.H)1l, 1060. 

R.: The Saldanha ikuU from Hopefield, South Africa. Amer. ). Bhyi. 
Anthfopol, na. I2;348^, 1954. 

- : The Bosfcop "wee" problem. Man, S5.173-178, 1958. 

Skbrlj, B.: The role and poadon of Neanderthal rnan In human evohiHop, Acta 
Ar^oolcgka. 8;347*388, 1056. 

; Were Neanderthalers the only inhabitants of KwpinaP Bulletin Scien- 
tifique. 4.44. 1958. 

SuTTH. G. Elliot: The Evolution of Mon, 2nd edition. New York, Oxford, 1927. 
S>'ATHisa, O.; Zone electrophoresis In starch gds: group vailadons In tbe serum 
proteins of normal humoa adults. Biocham. J., 6J.'62d, 1955. 

; Variadon In human sarum B'globulins. Sattsrg, i8(7;1482-83, 1957, 
Snh>bcor, G. W.: Stotissieoi Methods, 5th edlQoo. Ame$, Iowa, Collegiate Preas 
1056. 

Shyoeb. L. H,; The eSeeb of selection and domestication on maa. /. Net. Cancer. 
Inrt., 15.*759-7«0, 1954. 

; Fifty years of medical genetics. Science, f29;7*13, 1959. 

Snyder. L. L.: Race. Chicago. Ziff>Davis, 1030. 

SoNNTAC, C, F.: Th$ Morphology of the Apts and Man, London, Bale, 1024. 
SoRSBY, A. feditor): CUnioal GensHct. St Louis, Mosby, 1953. 

SacBR, L.: Growth of Japanese children bom in America aad in Japan. Unio. 
Washington Fub. Anihrepof., $: 1929. 

SruHLER, J. N.: Ad estimate of the number of geaes in man. Science, J68;279, 
1948. 

SemiLER, J. N. (editor): The evolution of mans capacity for culture. Hutnon 
Biology, 3i;l-73, 1050. 

and Klucehokn, C.; Inbreeding coefRdents of the Ramah Navaho 
popuIatioD. Hum. Biot, 25.295-317, 1053. 

Stecc»oa. M.: Tbe inherltaace of hair form. Zugenfcol News, 26:56-57, 1931. 

- The Moya Indians of Yucatan. Washington, Carnegie InsL, Publfcadon 

531, 1041. 

SrsDT, L.: Tkt Infancy of Speech and the Speech of Infancy. London, Methuen, 
1040. 

Stern, B. J.: SocieStr onri Medical Progreae, Princeton, Princeton Unlv, Press, 
1941. 

Stern, C.. Phndptes of Humon Genetics. 2nd ed. San Francisco, Freeman, 
1960. 


734 


INTRODUCTION TO PHYSICAL ANTHROPOLOGY 


- - —{ TIw? probk m erf compMc V-)fnV.iffr \rt mun. Am, /. Hum, Genetics, 9.' 
147. IM, 1957. 

Stbwams J, H. Haitdbttpk nf Snuth American InJiatu. Washington, 

D.C., Surcuu ol Amcncnn Ethnology’, 1945-5f>, 6 vob. 

— i)nd Fajk>n, L C. (<yllfor>): yativc Peojilet ef Sonflt Anieric9> New York, 
McGraw-HJil 2959. 

SrgWAiiT, T. D.: AnU^ity of man in Amartca demonstrated by the fluorine test 
Science, 1951. 

Stiuton, H. a.: Time, Ufe and Mon. New YorV. Wiley, 1959. 

SnuKDaov. H. H.: The distribution of human genes. Scientific Monthly. 52.* 
20S415, 1942. 

; The genetics o/ imnun population*. Am. Notumfut, Tfi.TSd.lflrf, 1943. 
SniATTOM, F. and Rbkton, P. H.: PnirtWe? BL»td Grouping. Springfield, Thomas, 
1959. 

Stkavs, )r., W. L.: The riddle of man^s ancestry. Quart. Feu. Biol, 2rf;SOO-223, 
1949. 

; Pithecanlhropuj In Africa. Science, iS3:49S. 1956. 

; Oreopithecw; bamholil. Science. 12B;545.346, 1957. 

; SaManha man and hf« culture. Science, /25;979.974, 1957. 
aad Cave, A. }. E.: Pathology and postitre erf Neanderthal man. 

Aev. Bid., 3S.34M3, 1957. 

SraoNo, L. C., et aL: Parental age aitd characterkticc of the offspring. Ann. N. Y. 
Acad. Se., 57:453.613. 1954. 

STVCEEnT, F. African Ancestry of the wliite American population. Ohfn J. 
Set., 59.155.ieo, 1958. 

SruKTEVAKT, W. C.: Ajuhropologv at a Career. Washington, D.C., Sfflith.«onjAn 
InstitutioQ. 1958. 

SuLLP’AN, L. B.: The pygmy races of man, Nerur. Hist., 19.'687~d9S, 1919. 

; Easenriola ef ArUhropometrv. A handbook for Explorers and Utteeum 
CoUeetou. New York, American Museum of Nahual Hirtoiy, 1926. 

SvtmstMAN, F. W. and Boeenbr, F.; Normof Values in Cllrdcol Medlcirie. Phila. 
ddphia. Saunders, 1959. 

SvssMAK. L. N., MsYSA, L H, and Cokam, R. A.: Blood groupings m Marshal- 
le«e. Science. i2S.'644.e45, 1958. 

SxtrroK. H. E., et aL: Serum protein differences between Africans and Caiioa* 
riarv. Safure. 279:1287. 2956. 

Fu'anscombe CoMAirme: Report on the Swanseombe skull. }. Hey. Anlhmpnl. 
!net.. 58:17.98, 1938. 

•SvMrosrww; Origin and Evohainn of Man. Cold Sprisg Harbor. L.f., CoW Spring 
IJorhnr Sympoaie on QuarUliative Biclogy. AV:vii.42S, 1950, 

.S2iMw\ L.: On the nature of the aging proce««. Free. Not. Acod. 5d., 45; 
3iM5. 1959. 

Tannsb. j. M.: Growth at Adolescenea. Springfield. Thomas, 1955. 

Tax, S., {rf tfl: An Ar/praienl of Anthropology Today. Univ, Chicago Pr«s, 1953. 
THAMBiruj^i. V.; Tarte threshold for ihiophenybiirea In Malay school children. 
Ami, Ei«,. 20:232-238, 1956. 

Tw^E. F. P.: The geographic and racial distribution of ABO and Rh blood 
types and fasten of PTC in Puerto Rico. Am. J. Hum. Genetics. 4.'94-112. 
1952. 


BIBLIOGRAPHY 735 

TiiokiA, A.: M^Qsiage oti rmnslArmiition? EssaI sur les hnmma dc Pnlos* 

tine. L'Anthropologi^. 61:470-503, 1057; 33.30>52, 1058. 

JiL, W. 1. (b<11coi)! ManV Rok fn Changing The Toes of the Earth. 
Umv, Cbica^, Presj, 1950. 

Thompson, A. and Biqctom, L, H. D.: Mac’s ns&al Indas in relation to certain 
climatic conditions. /. Boy. AnthropoL inst., 53?92-123, 1923. 

Thompson, CHaRua H. (editor): 'The phjrsical and menlnJ abilities of thu Amert* 
cac Negro. /. Segro Education, 3;317'564, 1034. 

Thompson, £. T. (editor): Race Rektlons md the Race ProMein. Durltom, N.C., 
Duke Unlv. Press, I9S9. 

THORNCiKe, E. L.: Kuman Nature and the Social Ofder. New Yoik, Macmijluii, 
1940. 

T)NOAi.e, N. B.: Survey of the half •caste problem in South Australis. Pfoc. Roy. 
Ceographlcal See., South Avstrolion Bronch, Session I94()-194l, p. 6G*151. 

Tjio, J. H. ood PiK3L, T. T.: The somatic chromosomes of man. Proc. Nat. 
head. Set. 44.1229-1237, 1958. 

Tomas, P. V.: On a Bushman-Europeao hybrid family. Mon. No. 2^, L-4, 1954. 

; Lee Bosddmans Avten e( Naroc de Ckanzl. L'Atahropolegte, 59/60:235 
sq, 1955/56. 

; Oc the survival of the Bushman. Africa, 26:L74'186, 1956. 

-Some aspects of the biology of die Bantu«spcaldng African. The Leech, 

pp, S-L2, Aug. 1958. 

■ ■ Physical anthropology and somaric origins of die Hottectois. African 

SiwRes, 1955. 

TooD, T. Wincatb: Cranial capedty and linear dimeosions. Am. /. Phys. Anihro- 
poL, d.'97-194, 1923. 

-and LcmAiA, A.: Dimesrions of the body, whites and American Negroes 

of both sexes. Am. J. Phys. Anthropol., 12.3^119, 1928. 

artd LyoN, D. W.: Cranial suture closure; its progress sod age relatioiuhlp. 
Part IV. Eotberanial closure 1 q adult malee of Negro stock. Am. J. Phys. Anthro- 
pel. 8:149-168. 1925. 

and Goaooa, L. Van; ’The quantitative determination of black pigmentO' 
tioD in the slan of the American Negro. Am. }. Phys. Anthropai. 4:239*260, 
1921. 

et aL: The color top method of recording skin plgmenUtior. Am. /. Phy#. 
Anihropot, 2J; 187-204, 1928. 

Tnorrsi, M.: Hak growth and shaving. AnoS. Rec., 37;373*379, 1928. 

and Cls^v, G. C.: Estimation of stature from long bcoes of American 
whites and Negroes. Am. f. Pkyt. Anthtopel., o.$. 10:463~SU, 1952. 

TirtzD, W. B. and Lbssa, W. A.; Man: a constitutional investigation. Quart. 
Rep. Sioh, 25:265-289, 2940. 

TiTRNBa, R.: The Great Cultural TradMont, 2 vols. New York, McCnw-KlU, 1941. 

V *o.nfg , H. V.: The PooNchevade fossil men. Am. /. Phya. Aruhropet, a.s. 7: 
339-362, 1949. 

—-•: La mandibule bumaioe fossile de la Grotte du Fore-Epic pf4s. Dire- 

Daoua (Abyssisie). L’Anshropet, 55:231-238, 1951. 

! La capadti cranienne cher les Primates siip4rieurs et le ’'Rubicon 
bral. C.r. des Sd. de PAcad. dee Set., 23d.*l 349*1351. 1954. 


INTRODUCTION TO PHYSICAL ANTHBOPOLOOY 


7.W 

—•— Tlic pn‘>KUM»lcrian liiintoxi ninndil)le fmn) Montnviiirin. Anier, ). Fhys. 
AittJmitol.. n.i.. J^rSI9-S23, l*)5d. 

; NftdndvrthAK and pra{>sapinu. ). Roy. Anthropol. Zntf,, 

19S^. 

- - La Crofts dv Funtc^cvade. Pt. 2. Anthropologie. Arch, tinst, Fal 
Hum., Paris, Klemoirc No, 29» 5-104, 1958. 

■ and Movius, Jn., H. (editors): Cateiogue Dcs Ilommfs Focstlcs, XIX* 
Con^r^ Gmlogique IntamaHona!^ Fumlte dn Sdencss, Alger, French North 
Africa, 1052. 

Vuas, H.; Bibhografiliia da Uenschanaffen (Sehimt>anif, Orang, GoHUa). Jena, 

Fischer. 1955. 

Waddikotok, C. H,: The Siratega of the Gena. New York, Macnillan, 1957. 
Walur, E, P.; The Monkev Book. New York. Macrrallan, 1954. 

Wallace, B.: Csnstic studies of population. Eugenics Quart, 1954. 

-- aod DOBZflANScv, Ttr.: Radiation, Genes, and Men. Holt, 1959. 

Walus, W. D.; Culture and Progress. New York, Whittlesey House, 1930. 

-—Variability in nee hybrids. Am. AnihrofToZ., 40:880'897, 1938. 
WASMfiinur, S. L.: Thinly about race. Sefenee Bdueatlon, 38:65-76, 1944. 

! Sex differences in the pubic bo&e. Am. J. Rhys. AntbropoL, ii4. 7:42S’ 
432. 1949. 

■ ■{ Australopithecines: the hunters or the hunted? Amer. Anthropot, 
612-dH. 1957. 

--: The new physical anthropology. Trans. N.Y. AoaJ. Sc.. 13:298*304.1951. 

Watsom, E, H. and Lowan, C. K.: CrotciA end Deueb|>ment of Children, 3rd 
ed. OiJcago, Year Book Pub., 1959. 

Wbcelbr, J. g.; The relations between Neanderthal man and Homo sapiens. 
Amer. AnthropoL. 55;1CN)3>1025. 1954. 

WEiDfiNnacK, F.: Some problems dealing with ancieot man. Am, Anthropot. 43 : 
373-363. 1940. 

: The ‘^Neanderthal man” and the ancestors of “Homo Mpient.” Am. 
Anihropologiri, 45.39*48. 1943. 

: The skull of Sinanthropus Peklnensis: a compantive study on a primitive 
hooiloid skulh Paioeentoiogioa Siniea, u., D, whole series. No, 127, 1943. 

: The Xeilor skuD: A Wadjak type from Soullieasl Australia. Am, J. Phys. 
Anthropot, ae. 3.21*32. 1945. 

-: Giants and early man from Java and South China. AnrAropoi, Popera 

Am. Alueeum Nat. Hist.. 40: I; 1*134. 1945, New York. 

-: The ptleoUlblc child from the Teshifc-Tash cave in Southern Uabakisian 

(Central Asia). Am. /, Phys. Anthmpol., n.**,, 3;151*183, 1945. 

-- Apes, Cientt, end Man. Chicago. Univ. akleago Press, 1946, 

: The trend of hiiman evolution. Soolution, f:221^206. 1947, 

-: Interpretations of the fosril materia). In Early Man In the Par East 

(edited by W. W. Howens). p. 149-157, PhiladeTphj's, The Wisfar ItksHhJie 
1949. 

- 1 Aiukrcpological Papem of Frans Wetdenreich J939-i943. (Compiled by 

S, L. Washburn and D. Wolffson.) New York, The Viking Fund. Inc., 1950. 

-: Morphology of Solo Man. Anthropol. Papers Am, Mas. Nor His 43- 

205 290, 1951. 

WtSHtn. J, 8.: The Pilidou;n Forpery New York. Oxford Univ. Press, 1955. 


BIBLIOGRAPHY 


737 


! No» «l»pe and cUmale. Am. J. Fhvi. AnthrcvcL o-s, I9S4. 

-- and ZotrrzNDys, A.: Btood*group iav«stlsation on Central Kalahari Bush* 

men. 18S:B43-&U. 1959. 

■ 9t alf! FuJiher contributions to the solution of the PUtdown problem. 

BuU. Bm. Mat. (Nat. Hia ). 2.>S£7-287.1955. 

, Oakley. K. P. and Clam, W. E, Ls Cnc«; The solution o! the Piltdowr 
problem. Bull, Brit. Mus. (^at Hift,), S.'I41«14B, 1953. 

WEiNnrr. H.: Afrioanthropus. der neue AfFenmenschfuTHl in OstafrikiL Ztielir. 
UorphoL u. Aftt^ropoL, 3BrIB'24,1939. 

WfiLLS. L. H.: Tile fossil Iiunan skull from Singa In Fossil ifammola of Africa, 
No. 2. British Museum (Natunl History), 1951, 29-42. 

! The Border Cave Skull Am. i. Phys. Anlhrnpol,, n.s., d.'24l*243, 1950. 

; ‘Human,’ ‘Homlnlne,* Tlomlnid.' iNfon, 59.'30'31, 1950. 

WsKDOM, F,. Kjukgsr, A. D, ALMrrroH, C. C. and Stbwabt, T. D.: The Mid¬ 
land DUeovery. Austin, Univ. Texas Press, 1955. 

WetfiT, H.; In Saoroh of Adam. Boston, Houghton Mlffin, 1956. 

WiOTB, L.; 'The concept of culture. Am. Anthropol, 51:227-251, 1959. 

WsYTS, L. L.: The Next Development in Man. New York, Holt, 1945. 

; The VrtUofy Principle in Physics and Biology, Holt, 1949. 

WiKKn, A. S.: The Rh factor and radal origins. Science, 9d.'407406, 1939. 

— Bleed Groups and Trensfusion. Springfield, Thomas, 1943. 

; Kh Glossary. LoboraU/ry Digest, p. 1*6, May, 1949. 

and WuLsn, 1. B.: Blood group paredoxea /-4.U.A., p. 1074, Dec. 15, 

1956. 

-: Heredity of the Blood Groups. New York, Cruoe & Stratton, 1958. 

WiLfisa, C. G.: Physiological regulations and the origin of human types. Human 
Biology, 29.<329-dd6. 1957. 

W:lob«, H. H.: A Laheretory Monuai of Arehropemetry, Philadelphia, filaldston, 
1920. 

: The Pedigree of the Human Race. New York, Holt, 1926. 

WiLSOK, T. M.: On the presence of fiuonne as a test for the fessiliaatioo of anfmal 
bones. Amer. Haturall^ 29.'30I-317, 439-456. 719-725, 1695. 

Woo Jv-Kako: Human fossils found in China and theic riguificance in biman evo- 
luUon. Sdenria SirUoo, 5;28g-297, 1956. 

; New materials of Dryopithacue from Kdyuan, Yunnan. Vertebrata 
Pabeietica, 2.BM2, 1956. 

' — —; Tseyang paleolithic man—earliest representative of modem man in 
China. Ain. /. Phys. AnthrepoL. q.s. 16:459'47I, 1959. 

--and Cbow Miw-Cac»'; New materials of the earUeat primate known in 

China. Veflehraia Palasiaticc, 1.267-272, 1957. 

WocpwaAd, a. S.: The Earliest BngUHiman. l^ondon, Watts & Co., 1948. 

WooDwoaxB, fi. S,: Heredity and Environment. New York, Social Science 
search Coundl, 1942. 

WoaaciHCTOH. H. M.: Frehjsforio Indiarv of the Southwest. Colorado Museum of 
Natural History, Denver, 1947. 

; Ancient Man in North America. 4lh ed. revised. Denver Museum of 
Natural History, 1957. 

WAicHT, $.: The roles of mutatioo, inbreeding, crossbreeding, and selection in 
evolution. Proc. SbsA Ini Congress Cerwtics, 1.*356-366, 1932, Itheca, New 
York. 



7a« INTKODUCTION TO PHYSICAL ANTHKOPOLOGY 

WuMUE3«i.v, J.r The Kc(V)r fo&Kil .skull: ajiutomicnl dcicnpaoo. Hem. Nat. 

scum. Mtiboumo Ko. ISs 57-^, J943. 

YcRUs, H. Sf.: CAinjjimures. Kc>w Haven. Yale Univ, Preas, 194^ 

‘ and A. W.: The Creat Ai>cs. New Haven, Yale UnIv. Fre$s, 1934. 

VuLB. C. V. and Kbndall, M. G.: An IntrfuIucHon to the Theory of SuKsficj. 

14(h edition. London, Griffin h Co., 1950. 

Zbukbk. F. Datitig the Past, 4th ed. New York, Loafinana, 1957. 

; Time rates of organic cvokilion. Butf. Not. Inst. Science of India, No. 7, 
AW Delhi. 1955, pp. 276-&e9. 

ZursER^uN, S.: The Social Life of Monkeys and Apes. New York, Harcourl. 
1932, 

——--: Functional AfUnlties of Mon, Monkeys, O’d Apes. New York, Harcourt, 


1933. 


INDEX 


A 

A ciilhir«, Imn defined, 3 
A society, term defined. S 
Abbevjilien looli, HlustraHom of, 180 
Abble, A. A., 306, 315, 710: neoaaUJ 
skulls of primates, illustrated, 302; 
suggested common primate item, (I- 
IiiiCrated, 305 
Adapldae, genera of, 95 
Adaptation, and man, 488'496 
Addalr, J,. 513 
Adriatic, See Oinaric 
Afalon man. remaiu of, 265 
Afrlcantbropus, cranlogram of, 207 
AFricanthropus njmseosis, debate over 
family group of, 192; description nf 
fragments, 191; fragments of skulls 
found, 190, 191; problem of status 
of. 192 

African Pygmy, See Negrillo 
AgghitlnlAS, defined, 327 
AggbtinaUoo. producHon of, 328 
Aggludrvogans. defined, 327 
Aimi, 447448; characterlsGct of, 447; 
home now, 447; possible routm of 
migration, 447; resemblance to Au> 
trabao aboriginal, 447 
Aird, I., OB blood groups and peptic 
uloers, 378*379; on ble^ groujis and 
'Stomach cancer, 378 
Albritton, C. C., 294. 737 
Ahmen, H., 710 
AJIee, Warder C,. 410, 710 
AUeo, F., 357, 391, 392. 415, 710; first 
description of Ridd blood groups, 
360; on Diego blood group pheno* 
types, 362 

Allison, A, C,, 368, 374, 378, 710; on 
Duffy blood groups, 359; on hspto- 
globin groups. 381; on P blood 
groups. 356; on PTC tasting, 386; on 
lasting of phenotypes, 347; work on 
Kell blood groups, 357; work on Lu¬ 
theran blood groups, 358 


Allopatric iK)pulQlions, defined, 4<i7 
Atpioe, cbanclerifttice of, 451453; 
home of, 451; origio of, 453; origin 
of name, 451; origiD of bmchycMha- 
lizatlon. 451 

American Indian, basic trails nf, 465* 
468; character gradients, 466; thar- 
acterlstics of, 465; migrations of, 466 
A)iagale gobiensls, illustration, 29 
Anaptomorpliidae, genera of, 94 
Anastasio, M. M., 507, 723 
Andamanese, cranial capacity, 435: de¬ 
scription 434435; home of, 434; 
photo of, 433, 434; skull of. iJhixtra* 
tion. 437 

Anderson, J. T., 677, 678; on FTC test- 
log, 386 

Andrewartha, H. G., 411, 710 
Androws IV, Jain« M., 673 
Angel, J. L., 543, 710; anthropomeiric 
recording blanks, illustration, 597; 
cranial recording blanks, 615; cranial 
recording blank, illustration, 612-613 
Anthropofdea, 47-91; divisions of, 33- 
34; main divltioas of, chart, 75; sub¬ 
order of prlmattt, 33 
Anthropoids, average cranial capacities, 
458459: oomparisoB of brains, jaws, 
and skull of with mao, 227 
Anthropologist, cultural. See Cuhural 
Anthropologist; physical, See Physlcel 
Anthropologist 

Anthropology, defined, 3; directories re- 
latifig to, 680; peric^cals relating to, 
880486; physical, scope and defini¬ 
tion, 3-21; social, defined, 3 
Anthrgpometer, description of, 560; use 
of, 560 

Anthropometry, basic instruments, ilhis- 
Erated, 559; defined, 555; historical 
data needed. 557; indices. 569-572; 
recording blanks used, illustration, 
594, 566-597, 612-613; subdivisions 
of, 5S6 
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AsifKn)pi>H'<kj>y, iiHkn*vi»Hnus (ivtl Irt, 

57S: (lofinctl, 5Mj <*wrv»ifk«< liy, 
572^1 

AnKi!«n, c!<>Aiifd, 327 

rrivlr}auu»;» See O^vj monkey 
Apalemyif^Ke. genera frf, 94 
Apf«, hMly pTOpfutfoa'! of mAn awl, 
Api>1e(nn. jkeIe<on of the foot, 
tr&led, 624: si:d«.*ron of (he leg. ihiLi* 
(rated 623; the homitn skeleton, 
iUiistrstcd. 619, 62L 
Anmboiirg, Cemiflo, 17J. 172, 173. 
J74, 175, 176. 177, 178, 710i dis- 
enverer of Altentlvopus nieitRtanknis, 
173 

Anhcology, defined. 3 
Archeozoic, in geolngicsl tinie>.Ncalc, M 
Arctic mongolohls, 4M*465 
Arends, T., 716. 726; on Dic)!o blood 
groiip plienotypA, 36S: on haptn- 
^obin groups, 381 
Aristotle, 489 
Arkin, H., 633, 710 
Armeooicl, characteristics of, 454-456; 
chanctcra of, 453; credling of In* 
faots. 453; diagnostic characters. 453; 
home of, 454; use of term, 454 
Arlhritia, constitution and, 513 
A:diton, E. H., 147; on iTenial capa¬ 
cities, 458 

Aieles ater, See $pider monkey 
Atriea vellerosus. See Spider monkey 
Atlanthropus mcurltanieus 111, artifacts 
found, 176; bifaeea in rjuaitzitc 
found associated witL. ilKistraled, 
173; description of n>andihles, 173- 
174, 176; hatchets found assoclaled 
with, niusirated, 174; mandible of. 
Hhivttafed, 171, 172 
Atbnto-Meditemincan, 449-450 
Australian Ahorijrine.s, cranial capacity 
of Xdior skii!!, 440; i*vtrmal feanire«, 
442; finding ^ skulls of, 440; inor- 
phologi(«l types, 442-443; nrigtn of, 
443; photo of, 441, 442; photo of 
Tasaiaiiiu, 443; .diuljs of, 440; Tii^ 
mardamr, 443 

Austr«)opi(h«vid, finding of calvarinf 
fragment of, 123-125 

AuAtraloplthccinae, hmin voltinre of. 
31^ finding of juvrrule skull of, 115- 
117; growth seelfs of lower jaws of, 
126; in family Hnsninidac, 2^; re- 
constnirtion of, illustrated, 133; rcU- 
(iorahips of, 144-147 


Aiislralopithrcns africamis. emoiogram 
of, 13% skuU of. illustrated, 116 
Airstrainpithcens prometheiis, crarrio- 
fucial fragment, illustrared, 122; cm- 
niogram of, 123, 124; finding of 
mundibtes of, 12^^127; findings of 
rentains of. 132; hunting skills of, 
125, 127; mandible of, i^ioto, 125 
Avifls, on distribution of Rh blood types, 
352 

“Ayc-Ayc'' Icmiu, descriplion of, 3& 

B 

Buhoon, See Mo;»fccy 
Bacon, A. L., 713 
Bacon, Francis, 694 
Bailleau, Joseph, discoverer nf Chilel- 
perron skulk S09 

Bnntu-Speaking Negroes. cUssificaliorr 
of, 425-426; defined. 424: descriptinn 
of. 435; Ikome of. 424-435 
Borhaiy Ape, plwtn, 67 
Barlow, F. O., the ftltdown Commitrec, 
226 

Barnes, H. £., 710 

Baru’ent, N. A., 710; on P hlood group;;, 
356; on PTC tasting, 386; swirk on 
Kell blood groups, 357; work on 
Lutheran b)^ groups, 356 
Barth, P.> 711; on relatinnslup of early 
primates, 98 

Barthelomow. C. A., 711 
Basal metabolism, and ennstitution, 515 
Bask- hladitemnean, 449 
Basque People, blocd groups of, 376; 
Rh negative in, 371-372; Hh nega¬ 
tive of pnpulation. 371-372 
Battaglia, R, 711; discoverer of Qiiiu- 
zano skull. 334 
Bayer, . 513 
Beaglehole, Ernest, 706 
Bean, H, W., 676 
Becak, , on PTC (aAli^g, 386 
Brckman, L.. on haptoglobin grouiw, 
381 

Behnke, A, H., 657. 661, 666, 675, 677; 
l^iyAologlcol studies pertaining to 
deep ifj diving. 639 
Berwteln, P,, 514 
Bellamy, Mrs. B. R., 573 
Bender, M, A., 711; investigations oo 
chromoaonic numheia In tlic primates, 

32, 33 

Bendydw, T., 23, 711 
Benedict, K. 499, 711 
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Bcntull, H. on blood sroupe nod 

stomact csac«f, 37S 
B«rberi«o, > oo PTC ustic^ 386 
Bprckheiner, on cnsiol capadtiB, 

458 

Bersmxa, B. A. M., 708; <m Wodiak 

skulls. 182 

BeTBmann. C«, 391, 3^ 41S 
Befkhont, J. T., on P Mood laoups. 356 
Benuud, ll !»• fnsHiwt; A S4«J|r of S>> 
010} Psycbol^, 689 
BcrrilL N, 499,711 
B^is. M.. oo dtftri&iition of blood 
types, 352 

Bews, J. W„ 551, 711 
BJbexson, Mo«», P.. 175,176, 177; dis¬ 
coverer of 5>di Abdemhmon, 176 
Bin£bsQi< H. C., 91, 711 
Birch, L. C, 411. 7W 
Bird. C. W. G., on MKSs pbesotypcs, 
347, 711 

Bird, Junitis, 288, 7!1; PsOt Aike Cave 
discoveries, 283 

Birdsell, J. B.. 472. 711, 714; on dis¬ 
tribution of blood types. 345 
BirdsoU, T. S., Rocr, 3U 
Birket-Smith, K., 711 
Bisehoff, T- L. Wh 638 
Bishop, W, W., discovers of coedi of 
Proconsul oyaieee, 107 
Bunn, discovery of rerodas of, 377; re¬ 
mains found In Hew Messco. F^oto, 
376 

BiAsonnetre, T. K., 539, 711 
Black. Davidson. 288, 711; discoverer 
of tooth ef Binairthiopus, 11^ stone 
tools ef Peldn man. 170 
Black, Guenon, photo of, 63 
Blakeslee, A. F, on PTC tistuifi, 386 
BUnov, , distributioD of blood types, 
345; distribution of subgroups c4 A 
and AB. 367 

Blood and heredity, 476-479 
Blo^ groups, Sae she Lnndstaner 
Blood Croup: snd dl^festi 377-380*, 
Diego, Sec Diego Blood Group; df> 

tribution in non-bumen prirntt^, 

369; Duffy, See Doffy Blood Gseups; 
Hunter a^ Heoshaw, See Huoter 
aod Henshaw Blood Group; Sdl, 
See Ken Blood Grunp; Ki^ See 
Kidd Blood Groop: Lewis. See Le«4a 
Blood Croup; Lutbenn, See Ludaeran 
Blood Groups; of rhjnipaiiaece. 389; 
of moakeys, 369: of the Basque Peo* 


Blood grewp e eonUru«d 
pie, 370; P, 35^ relationship of group 
A to bronchial pneurrtonU, 376; rc)a> 
Honship of blood group A to catk.'cr 
of the stomech, 378; relationship of 
bkod group A to diabetes rm'lBtu>, 
378; relationehip of blood group O 
to diKirlmal ulcer, 378; rdationship 
of Mood group 0 to gastric nicer, 
37S; rrlaHcerdap of group A to iVT* 
nicMus anemia, 376; secreting fMor, 
372; sickUng, 37S-377; Sutter. See 
SuttCT Blood Gmop 

Blood types. UHSs. 346; Rh-hr, 347- 
355; Rb rwgative as recent mutation. 
37D>372; subgroup Ai, 366: use of 
gmie as jrabeators. 365-368 

Blood types U. K. MN, 344-346; dcicr- 
Donation of, 344; fonnatinn of types, 
344; bemdity of, 345; of anthmpi*- 
kgica] iotrrest, 344445; pen'enrage 
dsstnbutico of. 345; relationship to 
Mood Cnjisfitsioas. 344 

Blood (ypiikg, collection of bone sam¬ 
ples for, SBl; equipamt needed for. 
S9(k59l: techm^ of, 587-590; tech- 
stigue of typing skeletons, 591-593 

BluDi. H. R.. 71L 

Blinnbog. B. S.. 710 

Bhimeobw^ johann Friedrich. 711; 
father of Riysk^ Anthropology, pur- 
trait, 8; ^riguuitor of teem Caucoaiid, 
448 

Boas. Erert, 17 

Boas, Fraitt. 22, 327, 477, 481, 484, 
499, 532. 537. 550. 711; fouoder of 
AmericaA school of anthropology, 
portnib 27; head breadth of Immi¬ 
grants and deacendants. 531; ineav 
urements of chlldrcfi hem to imml- 
gnats, 530 

Boas. J. E V., on concept of ncot<^iy. 
309 

Body, relatioQship between culture, 
iraid and. 474-498 

Body composition, age, sea. deinity. and 
■rtrwtiA fat conteot as percent of 
body weight, 669; anatomical body 
cooi po e rtKDi of bodies of two men, 
8^ Muna] srudie oo by Hammond, 
639; approilinate r^tivt values of 
densitniDebicaOy estimated body fat, 
974; avoage rlianges in Sheklon's 
'eanpooesMs'’ ef bumao phyrique, 
673; basic oonsideratwiu of methods 
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Bmly eompoxidnn— rfm/inued 
nf %(u<1y. B4(^443; boblc datn lued 
In different appnwhes to fn vivo, 
A42i Imuc framed of refrrenec.^ and 
resulting body eomponenit, S42; body 
build, 662<663; body Iniild and body 
funclioiw, 666; body componenls 
penrenlage of gross body weight, 663; 
Itody components as percentage of 
skeletal weight, 663; body measinw' 
ments, 643'-054. See also Sornamni* 
etiy; calonc cquivaients of weight 
losses, ff70-, changes with age and 
set, 667466; chemical anthropology. 
636; chcrrricaJ maturity, 630; com* 
posilion of rr>e«n daily weight losses. 
671; concepts arid tools for study of, 
640; densitometry, ^5*657; devin> 
Hons from standard weight, 646- 
651; dissection and chemical anaiytb, 
642-643; effect of niitrilion on, 660* 
670; effects of prolonged caloric 
restriction and refeeding, 672-674; 
h<4ght*weight relailonsbip, 637-638; 
hydrometry, 657-659; limb dlamrlers, 
647446; mean body weight and den* 
sty, 67S; measirement of, 837-875; 
patterns of soft-tissue distribution, 
667; relative development of adipose 
tbSue aod tniiscuWurc, 663464; 
rapid weight loss or gain, 670-672; 
lesiills nf chemical analysts, 644; 
soft-tissue roentgenography, 654-655; 
studies by Behnlte. 639; study of 
height-weight relatioiuhip, 836-639; 
vi^jal appraisal of body tyi'e;^, 694- 
605; wclj^t and body dimensions of 
a typical subject, 674; weight of sldn 
and subcutaneous tissue, 689: weight 
predicted from height, 648-651 
Body meacuremcnis, absolute value of 
body dse and liody components, 662; 
anatmTiical body C'ompajtmenU pre- 
rlicted from, 852-654; Matlcgbas vys- 
tern of, 652453 
boemer, F, 832, 734 
Boettger, C. R., 711 
Bolk. L., 261. 296, 304, 315, 711; angle 
of bead to trunk, 296; on concept of 
feCalization. 309 
Bone, measuxemenC of. 647443 
Boskop skuD, cranial capacity, 259; de¬ 
scription of. 259; flndlAg of, S50 
Botstleln, C., on FTC tasting, 366 
BoiiJe, M., 197, 883,711 


Boiilerger, E. C., 91, 711 
Bowley, C. C„ 717 
Boyd, E., 675 

Bf^, L. T„ 592; distribuKon nf wib- 
groups of A and AH, 387; on distri¬ 
bution of blood tvi)e>, 345; on PTC 
tAcring, 366 

Boyd. W. C, 371, 379, 411, 415, 502. 
712; distribution of subgroups of A 
aod AB. 367; oa ditfnbution of blood 
types, 345; on PTC tajiting, 386 
BraehyeephaV, adaptive advantages, 
404 

B/adygeaesis, use of term, 309 
Braldwood. R. ]. 888, 712 
Brain, C. K., dtscoverer of OUownn 
petole toola, 143 
Brareby. E. R , 718 
Brasb, J. C., 712; Metfico-L^gol As^ecU 
of Aurton Cose, 197 
Brendemoen, O. J., nn Lewis blond 
groups, 361; on P blond jtroiiph, 356 
BrenlJ. Abbe, Abbevillian tods, 180 
BreuiC Abb4, 24$ 

Breuil, H., 712 
Briggs. L, C., 288, 712 
Broca, Wcire Ptuil, founder of first an¬ 
thropological society In Enrnpe, por¬ 
trait. 14 

Bronezyk, F., 676 

Broom, R., U8. 126, 147, 256, 166, 
712; aod the Piltdown remains, 220, 
222; drawirrg of Paranihropus ro- 
bustus. 121; findings at Swartkrnns, 
138, 129, 130, 132; on australopithfr* 
ones, 134; ct; body size of australo- 
pithecinee, 135; on cranial capacities, 
456, 459; on cranial capacity of 
Paranlhrop«ib crassidena. 129; on fos* 
ril found on Swarikrans farm, 128; 
on Qganlopjthecux, 115; on skull of 
Auctralopthecity, 118; on skull uf 
Pkrdanihropus, 118, 119 
Brown, P. M., 712 
Brown, Lemur, photo, 37 
Broiek, fosef, 837, 876, 877, 678, 679 
Brues, A. M., 629, 712 
Brzeanski. y. 712 
Buchsbaum, Ralph, 86 
Budtz-Olsen. O. E., 593, 712; groups 
of haptogli^ns, illustration, 595; on 
haptoglobin groups, 381 
Buettner-Janusch, f., 713 
Buffon, Comte de, Natural HUlory, 9 
Sullen, A. K,, 713 
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Burkholder, f., 394 

Buikitt, M. C., 210; SuperposlHoiU. 216; 

Upper l^ledithic home ut. 219 
Bury 51. Edinundj, findings of, 242; 

fiuorfne content of, 242 
Budi Bahy, chancCehsdcs of, 40; dwarf. 
40; photo, 90 

Bushmax), 420^30; A*B-0 blood group 
frequencies. 429*430; appeaTUKe c^. 
426-42B; home of, 426; Mongoloid 
saoraJ spot, 427-429; photo of, 425, 
428; skin color, 426; skull of, illus¬ 
tration, 437 
Buslork, E. B., 678 

Butler, P. M., on dentition of Orop- 
pithevus, 146 

Buxton, L. H. D, 261, 303, 390, 391, 
735 

C 

Ceca^ calvua, See Ouakarf Monkey 
Cain, A. J.. 379, 713 
Calhoun. J. B., 551,713 
Callender, 5. T., discoverer of Lutheran 
blood groups, 356 
Callitnfco, as a cebid, 62 
CaQithricidae, See Marmosets 
CaUlthrlv laeobus. Sea Marmoset 
Caiman, W. T, 91, 713; Classificati^ 
of AnimaU, 692 

Cammas, Moos. H.. discoverer of Mont- 
maurln man foseil. 192 
Campbell, , on PTC tasting, 386 
Cancer, stomach, relationship of blood 
group A to, 378 

Candela, P. B., 342, 369, 411, 41S, 
592, 713; on blood group B, 342 
Cantrll, Hadley. 705 
Cape Flats skull, cranial capacity, 259 
Carlson, W,, 678 
Carlsson, A., on tree-sbrews, 29 
Carnot, A., 271; test for bone age, 240 
Carpenter, C H,, 91, 713 
Carpolestidae, geoera of, 94 
Carter, C. F., 376, 713 
Carter, G. 5., Animcl Ewlution, 692, 
693 

Cosley^tb, J, R., 733 
Caislter, E., 713 
Cas»n, S., 22. 713 
Castle. W. E.. 477, 713 
Catairhiru, cercopithecoidea. Sea Cereo- 
pitliecoidea; synoptic classifloation of, 

es 


Catanhlne monkey, illustration of nos¬ 
tril arrangement, 54 
Cattell R. B.. 504. 713 
Caucasoid, Armenoid, 453*456; as n 
tnalor ethnic group, 44$*46& Atlflnt(H 
Mediterranean, 449-450; cbaractcria* 
tics. 446; Dinarie, 453*454; Ea5t 
Baltic, 456-457; ethnic groups of. 
449; Homtlte. 456; Indo Dmvidian, 
40(M61; Imno-Af^an. 450; Lapp>, 
457*460; MediterrnneAn, 449; "Nor* 
die,” 450-451; Polynesian. 461-462; 
reasoit for name. 446; use of tenii. 
446 

Caughey, J, L., Jr., 552, 717 
Cave, A. J. E.. 107. 292, 713, 734 
Cawley, R. H., 713 
Cazlcr, M. A.. 713 

Ceblds, characteristics of. 53-62; ayn* 
optic clasaificatlon of, 51, 53 
Ceboldce, 47^; CalUthricidae, See 
Marmosetf 

Cebudla pygmaea. See Pygmy Marmo* 
set 

Cebui, See PUtyrrhine Monkey 
Cebus capiioinus. See White*throoted 
Sapaiou 

Cebus fatuellus, See Hoeded Sapaicu 
Cenozoic, in geological time-scale, 96 
Central Mongoloid, 464 
Cephalometry, 567*506; defioed. 558 
Ceppelinl, B., 713; on Duffy blood 
groups, 359; on Lewis blood groups, 
361; on testing of phenotypes. 347; 
work on Kell blood groups, 357; work 
on Lutheran blood groups, 356 
Ceit«pithecold«a, characteristics of, 62- 
85 

Cercopithecinae, chancterMlcs of, 65- 
70 

Cercopithecu brazzae. See DeBrnzsa 
Guenon 

CercopltJKCus nigrigenis, See Black 
Guenon 

Chacma Baboon, photo, 70 
Chain. . OA PTC tvting. 386 
Chalmers, J. N. M.. 371, 71^ blood 
groups of the Basque People. 370; on 
distribution of blood types, 345, 352; 
on distribution of subgroups of A 
end A£. 387; on elliptoeytosls, 365; 
on P blood groups, 356; on testing 
of phenotypes, 347 
Cbanibera, E. C., 033, 713 
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Clmpjiiiio, O, puinliiig of VVtl* 

Kiink King Gregory^ 20 
d.iml, a S.. 7ia 

Chtu«, J.» 719: Ji'vovcrvi* of Hunter 
Antigen Hti. 363 

didtelpcrron Skulls biachytephaJy of, 
cnniel cupadty 213; de* 
scription of, 210-213; finding of, 209; 
(lluArntlon of, 210, 211 
Clien, K. 678; on PTC testing, 386 
Clnlcle. V. 0,. 634. 713 
Cliimponzer, braJo cast of, 227; brain 
^re. 328; chancter1«tic« of. 81-83; 
innmninaie bones nf, illutintod, 131; 
>ew c’onipazed with PUldown Mon 
jsw. 223; photo of. 60. 82; sbiiQ of. 
237 

Chirornyoide.s. relalioaship to ‘^ayo* 
aye," 95 

Clinw Mm Cbwi, 99. 737 
Ownvn, B., 713. 726; nn KIoikI typc< 
determlrted by special gene K*, 358; 
on Diego b l ood group phenutypes. 
363; on DuSy blo^ groups. 359; on 
Kidd blood groups. 360; on Lewis 
blood groups, 361; on ttrsting of 
phenotypes, 347; work on KelJ blood 
groups, 357; work on Liilhenin blood 
firoi>ps, 358 

Chmmojrumes, crossing over of. 325; 
development of reproductive cells, 
330; tnin,sini.vdon of genes in mating 
group A to 8. 332 

Cbu, E. H. y., 713; chromosomes from 
ikin of Caucasoid newborn, ilhistm- 
tuo, 324; inv'estigatioru on chrosno* 
MUse number in tlie primate, 32 
Cincco, A., set difierences in nwtslity 
rales, 520 

Cluctonian artifacts, illustration, 181 
Clark, Fleiire. 398 
Cleik, Graham. 398 
Clark, J. G, D„ 389, 634, 714 
Oatk, W. E. Le Gros, 54. ISO, 389, 
293, 714. 737; arid Piltdmvn remairu, 
220: on tree-shrewr. 29; reootulnio* 
tion of brain In Swanveotnbe skull, 
233: Owaiuconibe skull, 235 
Clarke, C. A, 378, 379. 714 
Class Munmalia. cbaracterisrics of. 25: 
Order iosecKvora. 25; Order of Pri- 
iiMtes. Set Prinutc?; 
dassical Mongoloid, 464 
Clausen. , dbtrib\tlion of subgroups of 
A and AB, 367 


QoUnd. J. B,, 733 

Qiinatc, conelitrinns on e/Tects upon 
mnn, 541: 0(71x4 on food eaten by 
imn, 542-543; elfoct un growth of 
body, 541; cffi'ct on man, 538-540; 
effect on matumtion of seirual funo- 
Hons. 539; effect on mcnnrchc, 538; 
effect on sexual beliavlor. 539: effeebi 
upon individual. 540'544 
CUnes. defined, 322 
Clisby, K. H, oo PTC lasting, 384 
Cobb, W. M., 714 

Co^ll. C. &, Anatomy and the Froh- 
lem of SehaoW, 485, 480 
Colbert, E. A.. 714 

Colbouroe, M. on Diego blood group 
pluiootypes, 362 
Cole, S., 289, 714 
Cniin, E. C., 411, 714 
Collier, J., map of anxts of Indian cuf* 
hire and tribes nf KortJi Amerku, 
273; map of areas ol Indian c^iltiire 
and tribes of South Amcrico, 274 
CoUidT. D., 291 
Collier, K. C., 551,714 
Cniliiv;. H. B., 472 

Colobus abysriniau, See Gucrexn Mon* 
key 

Colton, R, a, 633, 710 
Comas, Juan, 705, 714 
Conard, R. A.. 734 
Conflas Mait, discovery of, 282-283 
Confucius. 702 
Conklin, E. G., 705, 714 
Conley. C. L., 727 
Coroangulnify, defined, 478 
Consbtiition, defined, 509; mortality 
rates by cause and sex, 516*517; sex 
differencex in, 515*520 
OmstituHon and Crime. 508-512; factor 
ontlyox, 511*512: Hooton on, 508; 
method of somatotyping. 510*511: 
morphologic constitutional typc<, 510: 
pliysique and temperament, 511; 
problem of studying, 511; relation 
between, 538*512; study of criniirul 
and nan*criminal serlex, 509 
Constitution and Disease, 512*515; ar* 
thritis, 51^ basal metaboKsm, 515; 
diabetes, 513: gall bladder, 513; 
gastrointestinal disease, 513; heart 
disease, 513; in gynecology aod ol>* 
stetrics, 513*514; Infantile paralysis, 
513; loogevity, 514*515; menstmal 
divtiirbances, 513; »exunl differeners 
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CoiiSihition and Dlieasc-—cunn’nuMi 
in busccpribility to diieaae, 521; tu* 
b«rcailo»b, 512; ulcers, 51^ 

Cooke, H. D. on Ingwaviimn cranial 

cupacity, 450 

Cooke, Jdm, palnUn^ of the Piltdown 
Committee, 220 

Coomlxs n« R, A., discoverer of KelJ 
blood 355 

Com. C. S.. 411, 453, 454, 472, 714. 

717, 718; Rocv. 310 
Cooper, A. B., 070 
Comer, G. W., 714 
Cornwall, I. W., 634, 714 
Ceuta Pinto, L. A., 705 
Cowtes, R. B.. 411, 715 
Craifi, D., 150, 715 
Cranial capacity, diecuawd, 604*605; 

in man and anthropoids, 458*459 
Cranfomotry. See eriro Skulls; crania* 
mutric IndicM, 605-006; (Ignitions, 
556*598; unporlazKu of. 598; mens' 
iiiVinonts, 601*605; purpose of, 5B4- 
595 

Craven, B., 550, 715 
Cruwfunl. J, O., moncgrani for r^linml- 
ing surface euva ^in height and 
Ixxly weiglit, 031 
Crctciir, C, on PTC fasting, 386 
Ctrtlns, photo of family of, 542 
Crick, F, H. C., 411, 715 
Cxo*Megnon Man, cranial capacity of, 
313; craniosnun, S17; (loiicripClnn 
213; illustration of slnill, 212; Rnding 
of remaliLs, 313; skull of, tllitstrntlon. 
237, 253 

Cudmore, S. A., 715; table of children 
under average height, 550 
Ciienot, L,. 315. 715 
Cultural anlluppologlst, work of, 3 
Culture, aa result of responses to con¬ 
ditions, 496-497; def^tnation of, 
498; ovamples of isolate effect and 
cultural relativity, 497-498; inherited 
capacities plus evperionce, 495; limU 
tatlon and reduction by isolation, 
498; relationship between mind, body 
end, 474*498; term defined, 3 
Cummins, H.. 581. 715 
Curefon. T. K., 079 
Ckirtis, G. H., 717 

Cutbush, M., discoverer of Duffy blood 
groups, 3^; on Duffy blood groups, 
359; on P blood groups, 356; work 
on Ltilhernn blood groups, 358 


U 

Dahlberg, Gunnar, 411, 502, 551, 633, 
705, 709, 715 

Dahr, P., distribution of siibgrmiiM of 
A nnd AB. 307; m; P b)oo<l groups, 
356 

Daniel, G. E., 634 
Daa*s<»rcau, P., 715 

Darlington, C. D., 715; Inv&rtigntions 
nn diromosotnc mimbcis in Iho prl* 
mates, 33 

Dart, R. A., 126. 127, 131, 150, 715; 
craniogranus 123, 134; drnwinss of 
AustralopltheciK prvmctlmis, 122; 
findings at Makapansgat, 132; on 
Africanlhropus. 192; on Aiirimlnpi- 
tliecus prometlteus, 125; on Paran* 
thropus robustus, 127; on use of 
scoops, 128 

DarwlQ, Chiirl». 150, 389, 394, 401, 
414, 447, 567, 716, 738; defiiiitloo of 
natural selection, 389; Descent of 
Mon, U3, 147, 319. 401, 703; Ortglu 
of SjtedoO. 31, 393, 413; portrait, 12 
Das, S. 8,, 716; on PTC tasting, 386 
Dating methods, fluorine 24fb341; nitro¬ 
gen, 280; rodiucoibon, 285*286; ura¬ 
nium ndloineCrlc, 286 
Daubenton, Lnuls*Jcan*Marlc, portrait. 
6 

Davenport, C.. 477. 716 
Davis. A., 411, 716 
Dawn Man of Dawson, See Piltdown 
Hoax 

Daw.son, Charlc.'<. and the Piltdown rc- 
malm<, 220; the Piltdown Commit* 
tee, 220 
Day, C. B., 710 

de Beer, G,, 201, 303, 315, 710; con¬ 
cept of neoteny, 309 
de Blden Footner, F. A., portrait of KnrI 
FearsoQ, 10 

De Braira Guenon, phntn, 04 
De Chardin, T., 716 
Defetalizadon, defined. 306 
De Laet, S. J,, 634. 716 
Delafreroaye, J. F,. 413, 723 
de Lasalo, Philip, portrait of Alfred 
Cort Haddon, 15 
De Layrisse, Z., 725 
de THomme, Mus4e. a young Andaman 
mala, illuitratlon, 433; a young Nc* 
grlto Aela mole. Illustration, 434; 
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Au^lrsHar) ahoriginal f»malc, iJIus* 
Eration. 442; AuslTiilluii oborlginat 
male, ilhislntinn, 441; K:in)>(iciwd 
Nilote, flhutration^ 423; HotEenlot 
Woman, ilUntration, 429; Javartan 
<niJe, llhistration, 463; NiloHc Ne^, 
illM>>lranun, 422; Papuan mala, illus' 

tnitian, 4^; Tasmanian mala, illus* 

(ration, 443; tliree HfMItfntnE giiif, 
illu'tfraHnn, 433 
DaMaytK P., 593, 71S 
Oe Morgan, J„ 634 
Drtiilccr, J, 472 

D«ndtornatry, diaouaaton of, 655*657; 
grntml /ormula, 655; Minnesota syv 
l«r>, 657 

DonlaJ /ornnila. ddin«d. 27 
Domialoglyphics, definad, 582 
De Rodrigim, M. L. C., 716 
df Teira, Helmul, 716; and (he Tcpex* 
part man, 2^; artifacts of Soan cuL 
lure group, 167; discovery of Oreo* 
ptlhectir skeleton, I46< on Oroopithe- 
cros as a hominid, 147 
Do Vries, H., £89, 716; and Pilldown 
remains, 228; radiocarbon doling. 285 
Dhyrenfunh, N. C., 716 
Diabeta.s mellitus, consiihKion and, 
513: relaBooship of blood gronp A 
io, 378 

Diamond, L. fL. first description of 
Kidd blood groups, 360 
Dice, L, B., 499. 716 
Diego Blood Croup, anthropological 
interest of, 382; discovery of, 363* 
363; dutribubon of, 362 
Dfnarics, characteristics, 454; charac* 
lers of, 453; cradUng of infants, 453; 
diagoostic characters, 453; home of, 
454; uae of term, 454 
Dingwell, E. J., 716; Arfl^eiui Cranial 
Daformaiian, 818 

OisesA^, effects of climate upon, 540* 
544; ratio of annual per caplia voJ* 
ume of disability according to in* 
come, 548; seasnnal incidence of, 540 
Dobxhansky, Theodoalus, 2 $7, 406, 
407. 411, 412. 413. 476, 705, 709, 
718, 717, 738; HeradUv, Haca and 
Socferv. 693 

DooifeWt, W., 327, 533, 717 
Draper, C,, 513, 552. 717 
Droonan, M. ft,, 303. 306, 315, 727; 
discoverer of Capo Flats sJcull, 259. 
261; on cranial capocltles, 458 


Drcyftiss, F.. on MNSs plteaotypes, 347 
Drosophila nidanogaster, mimber dlf* 
fcrent genes in, 323 

Dryopilhecus gigaotens, third right 
mnlas of, iJIucrration, 110 
Dryopithmis patIcTn, described, 110* 
Ill; io anthropoid ope lower jaws, 
114; in human lower jnw.s, illustra¬ 
tion, 113 

Dryopithacns punjahicas firvt left up¬ 
per niular of, IlliLstraHon, 113 
Dublin, L., 545 

Di>boi\. Etigeiie, 164; di'tcnvery of 
PitliecunihMpiLS remains, 181, 179; 
on cranial copadties, 459 
Du Bntl, E. L., 717 
Duckworth, W. L. H., and the Galley 
Hill skull £37 

Duffy Blood Groops, discovery of, 359; 
di<tn1>iiHrm of, 359; ethnic distribu* 
tkm, 359-360; poadble genotypes, 

Dunn, L. C., Heredity, Race and 8o* 
defy. 412, 893, 705, 709, 717 
Dunn. H. L. 552 

Duiwford, I.. 717; work on Kell blood 
gmup>;, 357; work on Liilhcmn blood 
groups, 358 
Diiotley, S. Q., 717 

Duodenal ulcer, relationship of blood 
group O to, 378 

Dupcrtuls, C. W., 552, 579, 632, 885, 
677, 717, 781 

Ds’orinc, I.>nel, teat for color blir»dnes.<s. 
585 

Dyluenfurth, N. G., 835 
E 

East, E. M„ 717 

East Baltic, vhamcterl<tic« of, 457; 

home of, 456-457 
Ecology, defined, II 
Ectomorpby. See Linearity 
Edgerton, H, A., 833, 725 
Edwaids. E. A, 717 
Ehrich, ft. W., 453, 454, 472, 717 
Ehringsdorf wnman, cranial capacity of, 
203; features of, 203 
Elderton, £. M., 717; height and weight 
of school children in Oasgow, 549 
Elixtropltoresis, apparatus, 593; buffer 
used, 593; conditiuns of run, S94; 
staining, 594 
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Bllio^ Robot, ami the Gallry Hill 
skeleton, 235, 237 

Elliot, D. G., 150, 717; A R{^H(nv of 

the Frimntee. 30 

£l«d<m*Dew, R,, 375 
Emanuel, I., 6^, 721 
Emer.son. A. E., 710 
Einlllani, C., 270, 717 
ErHiomorphy, 564; S>« aisi> Fat; 

of young nun, 065 
Engelmann. G. J., 538. 717 
Bugle, E. T., 538 
English. H. B., and A. C.. 
sive Dictionar]/ of PsyehoUigicol and 
PsvchofiMlvHcel Terms, 696, 697 
Environment, eanse of siriietural 
changes of man due to, 537; changes 
in hodily form of doi^cnwlHJits of im- 
migrants from one geographic arcH 
to another, 53(K538i changes in 
incAsitrenientx of A)it(>rjctin l>om 
Chinese maler, $33; changes in niea;^' 
umnBnt>i nf Hawaiian born mikI», 
532; differeaces in stature between 
Amen'cen and native bum Jopauese 
l>o>-<, 534; effects ns determined 
by sociOKKonnmic factors, 544-546; 
effecU of climate nr\ man, 538-540; 
effacb of on gmwtli, 546-551; find¬ 
ings of Sons, 530-532; influence of * 
on head breadth, 531; influence of 
structure and functions of n^an, 
529-551; physical changes of Ameri¬ 
can-born descendants, 531; study of 
American environment on Meilcan 
immigrants artd thdr chfldren. 536- 
537; study of Japanese-Amrrienns, 
533-536; term defined, 529-530 
Boanrhjopus dawsou. See Piltdown 
Hoax 

Eppright, E. S., 679 
Eskimos, as single continuais breed¬ 
ing population, 464; chuacterutics 
of. 464-465; migrations into Europe. 
465 

Etcheveny, M. A, 371, 717; on di$- 
tributioD of blood types, 352 
Ethnic group, See else Man; adaptation 
of mao to cUmale, 390-391; advan¬ 
tages of use of term, 696-699; Ainu, 
447-448; Allens mie, defined, 391- 
39^ Al^ae, 451-453; American Ne¬ 
gro as social isolate, 464; and mafor 
groups of man, 417^71; and stage 
of cultural development, 495; Aoda- 


Ethnic group^-eonfifKicd 

manew, 434-435; application of 
Bcrgniann s and Allen's rules to man, 
392; application of Cloger’s rule to 
Negroids, 39(^391; Armenoicb, 453- 
456; Allanto-Medlterraneen, See Al- 
bnto-Medilcrmnean; Australian Ab¬ 
origines, 440-443; aiitocopyir^g, 389- 
390; Banhi-Spenlang Ncgme<!, 424- 
426; Basic Metbtenenean, 449; Berg- 
mann’s nile, defined, 391; Bushman. 
426-430; C^casoid Croup, 446-462; 
See also Cnucasolds; classified bycoo- 
stant characters, 418; cliislerx of, 409- 
410; cultural factors, 482^83; Dar¬ 
wins definition uf natural selection, 
389; definition of Major Croup and, 
407-410; diagram nf, 452; difficulty 
of classifying, 417-418; Dlnnrlcv 453- 
454; discussion of u«c of term, 602- 
699; Ban BalHc. 456-457; failure of 
sy>>temAtk: exercise to classify, 418- 
419; Forest Negm«, 422; general 
conception of temi, 698; genetic 
drift, 396-399; Ologer's rule, defined, 
390; Half-Hamitee, 423-424; Ham- 
Ites. 420-421, 456; Hottentots, 430; 
Indn-Dravidian, Sec Indo-Dravidian; 
Intermixturo of, 481; Irano-Afgharu 
See Irano-Afghan: isolate effect in 
cultural differentiation, 49S498; iso¬ 
lation and mutations. 397-398; 
Lapps, 457460; leoined activities 
and eulhirc, 496; map showing aver¬ 
age head Indices 4S5; map sbov-^ng 
divisions of Oceania, 435; Hediter- 
remeon, 449; MeUnaian, 439; mental 
differences between major and, 487- 
486; more common error of thinking 
regarding, 469; Mongoloid group, 
462-468; morphologitml criteria 
for claa>jfication of, 408-409; muta¬ 
tions, See Mutadozis; nutural selec¬ 
tion, 389-394; natural seleclioo de¬ 
fined, 389; NegilOo, See Negrillo; 
Negroid Division. 419-448, See oiso 
Negroids; New Guinea Pygmies, 
436-438; Nilotic Negron, 422-423; 
no fuodamenrel biologically deter¬ 
mined mental differences, 481^62; 
“NordJe," Sec Nordic; Oceanic Ne¬ 
groids, 438; outline of, 470-471; 
Papuans, 438, perpetuabon by soxual 
selection, 401^03; Philippine Ne¬ 
gritos, 435-436, Polynesians, 461- 
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Kihnic finnift— 

•t 02 : of jnci'luiJkiiis of. 

3KK«3W; pmid.ipbvo tnii(% in imin, 
3i}a-393; Pn*-Dni\'bliuTi4.. 445-447; 
pmMciii of iiic^dnisin of c>lmtc clif- 
fi*ni>UAli<>n, 406; Pjjjmir^ 431; rtlu* 
of food ti\ 544; bubj;, 445, 447: 
Scmans, 4^5; sexual sck'c(i<iri. 401* 
4<l£; xocijil Nclc^*finn. 4n3'4t)7i tfnn 
*'inn}or cnHip' drfinrtl, 410; Tnit* 
Xc«roc>., 421: of Utd\, 409; VeJ* 

fluhN; 444*445 
IStltnoitrapliy. dvRiHd. 9 
Ethnology. di‘line<1, 3 
Evmh F. Ci. ifW. m 717 
Evan', R. D.. 412, 717 
EsjTiKkn, J. P., 717 
ExoltiHon, a<l,<pt)S'o 1}«4ijMor of iiMVt 
491-492; hihI L'norWTulbMi 
«if iiiKii, 393*394; and o<l:KXil)fliiy, 
491; and tiaOira! M'Uttion, 393; 
vhangC'S fruin I'illux'atitliropics rk 
litis(n> (o Solo nnin, 307; cmK'siMMin 
(if ortliugnu^iv, 267: dboiAfjon nf, 
266*269; Es’uliitlooary rotes, 3nX* 
309: PidieT on, 469: fonniifuni of 
n(>v,' species in lower HnltnaK. 326, 
hiOirc of and prolongrd inlxjuti'rinp 
(’klslcDce, 310: HuHry on, 326; Idis: 
of "jiiisang linkc," 2^; Feo* 

lures af Eu^tU/n, 368; inamm of 
cnnlutloQAfy atbiptalfon, 490: iiiutu* 
Kon and action of selection upon 
llwt rmilaKnn, 25S; ncoteny and essv* 
lulion of human mind, 3i2-3i5: new 
conceptino of man’s, 25^266; nr* 
ganie, 490-49 i; iWomorpliosis, fe- 
tallzaflon, neoleny, 309*311; TapiKii 
t»f inc^nhni nf hmin and mind 
from ape*likc L'miiilcriiarii;. 312: 
thRnigh sexual seircllon, 401*403: 
ihmngh social .selection. 403-407; 
lime a fn(St>r in, 3 i 1-312; (imp. 
mori^kolog)', jimI ii<s>tcn>' in. 29i5* 
315; types of l>lolosicaI (idnptalioii, 
489-490 

Bx'oluttonary rate, dcRned, 306 

Ewing. J. P., on dwiiirg of skull. 453, 
454, 472 

Kwiiig, 0. fU 552 

P 

K,:l)r1ciiis*Hanwm, V., t»n clL4riliti(luii of 
UM types. 345 


Falconer. D. S., 716; ot: I-’FC (wiiiig. 
360 

F.ilkner, F., 676 

Fmnily TiipoHdae. Sco Tn c'-Slircws 
Fnmsworth, V, M,, 675 
Faron, L. C., 473, 734 
Fart, W,. 543 

Pat, continiKm:< incmise in low dwmek* 
fot, 666; dct4>niiiniiig wlio fs fat, 674- 
675: linear me»aires uf, 644-648: 
measiireinert of skinfold, 645*947; 

IKiiteriK of 'Oift'tlftRU^ dirtnbntinn, 
667; prediction of tut,!) Ivaly fat fmm 
nntltf opometric data, 567*602; proce* 
tliir(.>s to nwosure skinfold, 047: 
roentgenogmpliic appraisal nf adi¬ 
pose tissue, 961-662; TOcntge)>o* 
graphic prediefers of density nf. 060- 
661; xkinfolds, 644*647: sUnfnld 
colipers used (o 644; xkir;- 

fnlds as predictors of density of. 
659-660; dies used to ineostue, 648* 
647: use of tenn, 665; mighi sUiikI* 
nrd.s, &50-R51 
Kivn, B. B., 675 

KetaKaation, 261; defined, 3(»fi: llusiry 
of, S0&310: MW of tenn. 309 
Fldansa, F., 677 

Fine ,}, M.. 720: on haptoglnlun groups, 
381 

Pinkchtein. L., 718 
FiKlter. E,. on hylirldimlion In imiii, 
477 

Fischer, Gustav, 424 
Fish Hoek skctctoiK cranial cnpoeily. 
259 

FIshhwg. W., 718 

Fisher, F. A.. 390, 412, 489. 633. 718: 
on blood groups, 343; on distrilHilkm 
of bVvK] types, 352; on PTC iasliikg, 
386; nriginalor uf theory regarding 
rliesus hl<x)d types. 353, 354 
Fitt, A. B.. 552, 718; sliidies of while 
populaHons. 541 

Fkischer. E., on h&pluglohrn icrorips, 
381 

Florlsbfld skull, artifacts with, 259; do* 
scrlptioQ of, 259*260; ilJusmiinn. 
260 ; typo man, 260-261 
Fluorine tost, for determining age of 
bones, 240*241 
Flynn, F. V., 593, 718 
Fontdeh evade, conlcur of frag me ill 
from skull II, lUusliarcxI, 250; craiiiiil 
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Font^ch«vadd—cuiitinunf 

(Opacity of. iSi; fruiinwuschorbirnl 
/ragineijt of skull I, i1Iiislr#«»I, 249; 
cnnlaJ capntnCy. 246. dcwcnpKon of. 
245^6; finding of, 244*24'! i iinpor- 
iancc of, 248; ^oto of ihill If, 248; 
typo man. 246, 248 
Forbes, H. O., 150. 718 
Forte-, B. M, ffTO 
Ford, E. 8.. 412, 718 
Forwl Negro, char3eTcrlilie<< of. 422; 
homo of, 422; iv1s(U)ii«lii|) (o nyg. 
ndK, 422 
Forsniuin, 0„ e7D 
Vox. A, L.. 718 

France, Annbile, cruni;il cMDiuity of. 
255 

Franlccl, T,. 677 

Franson. R.. 663, 077 

Pnixier, Fmnkliji, 70S 

Franxblnu, A, N., 633, 718 

Freeman, P. N., 502, 503, 553. 720 

Friedwnann, T. E., 679 

Pn^, E., on cranial cnpncitip.s, 458 

Fry, E, I.. 732 

Fiidenbcrg, H., 357 

Fukuoka, G., on PTC nwWng, 186 

Fylenun, fi.. 01, 718 

G 

Calagldoc, See Bu&li Baby 
Galago crassicaudatus, 5ev Bush Bnby 
Galago Baby, See Bush Baby 
Calogoides, See Bush baby, dwarf 
Ca1atUi>Jonaaa, F., 716; on hapragln* 
bin groups, 381 

Call bladder, constitution and, 513 
Galley Hid Skeleton. 234*242; descrip- 
tloo of, 237; cecavation of. 236>£37; 
finding of, 235*236; Buorine content 
of, 240*242. 288; illustrated, 238, 
239; nitrogen content, 286 
Galloway. A., 216, 289, 718 
Gilten. D. A. G,, 412, 718 
Galron, Francis, 718; Inquiries into Hu, 
m<m Focul^ and iU Dewlopment, 
501; value of twin method frf study. 
501 

Gametes, defined, 522-523 
Gam, Stanley M,, 130, 151, 416, 472, 
654, 661, 662, 670, 877. ff78, 714, 
718; area variations of hair in male, 
573; on correlation of teeth to lx>dy 
site, US; on hair fomi, S73; Ra«, 
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GruTH^onMnucd 

311; stages in oreolar devdopmcnl 
of while female, 579 
Gastric ulcer, relationship of blood 
group 0 to, 378 

Gastro4nt«tirvit disvft.«c, and constitii* 
tion. 513 

Gake. B. R., 434, 552, 718 
Cavan, J. A,. 629, 719 
Gnzin, C. L., 151, 719 
Gelada Bnl>oon, i^uiln. 68 
CvHliorr, G., 514 
G-rfliirg, J. W., 712 

Gene*, and genotype wiuillbrla, 687* 
691; and mind, 480; and populations, 
637*691; and the "hoIf*ca«te," 477* 
478; blood genes m genetic indico* 
tors, 364-377; blood trait genes as 
uthrKHieroIoglral indfoators, 385*366; 
eau.s-ing sickle cell anemia, 373; con¬ 
ditions reported as due to lethal, 527; 
crossing over of chrorDcsomes, 325; 
defined, 330; detemiinjng frequency 
of, 332-833; discoQhnuoui and con¬ 
tinuous variations, 326; distribution 
of eiibgroups A and AB, 367; ellipio* 
cytosu. and tlic Rh j^ene complex, 
365; environment and conditions nf 
expression, 475*476; eguilibriiim in a 
genetically stable population, 687; 
ex.unples of gene frequency, 690- 
691: expressivity of, 5^; genotypes 
and phenotypes of aeries 0, Ai. A^ 
B, 366; hybridisalloo, 476-177; 
hereditary onyobo-oateodysplasia, 
365; incompletely sex Unl^, 523; 
linkage defioed, 335; linked genes, 
325; mecbajilsin.s governing inhen- 
tonce of blood traits, 365; Muller on 
racial genetic diiferenccs, 494; mu* 
tarion of, 325-326; penetrance of, 
528; possible combinations In a single 
mating, 475; principle of gametic 
purity or segregation, 324-325; pro¬ 
portions of genotypes in nine pos¬ 
able matings, 689; random macing 
population, 687; role in making per¬ 
son Individuellst, 475; som^ genetic 
pedigree chart, 627; sex linked, 522* 
523; studies on cresses, 477; traits 
due to incompletely scx-linked, 523; 
vajiations due to mutalioo arid re* 
combination, 326; variatious in ge¬ 
netic system, 476; viability of, 526 
Genet-Vardn, E,, T19 
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Cenvtic jind 39&-3y9; 

niiMlotn iocsl difI<.>ronliutwci as con¬ 
sequence <4. 399 

Cenofroup, 4l8 
Genovas, S., 719 
CewRronoInfy, defined, II 
Ccovcology, defined, H 
Ceogheyan, B., 632, 719 
Ccrasimov, M. M.. 197. 719 

Gerontwnof^njpn, defined, SOC 
Cer>howit 2 , H, on Dlegn blood 
phenotypes, 

Gibbon, bnin cast of. 227; plioln. 77 
Gibbons Monkey. White-handed, 76 
GibleK, E. R., 363, 719; ditcoverer of 
rcd*oelJ antigen js*. 363; nn hapto* 
globin groups, 361; u& js* red cell 
aotigen, 364 
Cidley, J. W., 94 

Cigantopithecus blacki. finding of mnn* 
dlbieand teeth of. 113-115 
Gile:^ N. H., 713; iaveatlgations nn 
chrooiosome Dun)ben in the pri* 
mates, 32 
Gill, E. D., 719 
Cniin.J,22.719 
Gliube^ Morrix, 705 
Glaister. J.. NedUv-Lfgat Ast>M» n/ 
Burton Case, 197 
Glass. B., 368. 719 
GlestM, G. G. 735 

Gloger, C. W. L., 390. 428; rale of, de¬ 
fined, 390 
Clover, J. W., 543 
Coddi/n, W. A., 477, 726 
Ondley, E. J.. 719; on blood groups, 
343 

Godyclu. M.. 629. 719 
Goeldi, E. MaiTno«e<. 63 
Coldsmidi, X. L. C.. 412. 719; on P 
bbod groups. 356; work on Lutheran 
blood groups. 358 

Goldstdn, M. 5.. 536, 537, 5$0> 551. 
719 

Cordon. E. B.. discoverer of Kell blood 
groups 356 
Gordor, L, Van. 735 
Gorflla, brain cast of. 227, character¬ 
istics oF. 83-87; diagram oF brain of, 
104; photo of, male, 64; abuU nf 
(^nipued with ZinJanUtfopiis. 138, 
139 

Gorflla gorilla beringd, See Ootilla 
Gorilla gorilla gorilla. See Gurdla 
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rcconsIruoTloQ of skull of Plerianthro* 
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of dniU. 167; rccotutniciioii of skull, 
illustrarkm, 166: tools of, 168-169 
HoniimouliiS, remairw of frotii Smilu 
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on P blood groups. 356; on testing 
of pheootypes, 347; work on Lu¬ 
theran blo^ groups, 358 
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pailsoft of skulls of Eocene and mod- 
ora, 97; differences between lorisl* 
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groups. 359; on distributfoa of blood 
types, 352; on PTC tasting, 386 
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Lflllu C. C.. 4\4. 729 
LhliijS^hme, F. B-, 720; imi skkiwii 
376. 377 

l^nbrouk Ct>aaN\ lesJir of Italian 
W'ltool lif vrinifnologl&ra. 5<I8 
London skuR. mnial capocity. 231; 
fiiHliiig iiF. 230 

(.oi>gev'Uy, avonge lengtli oF VFu front 
UiK'tent ti) ntodem Hinvk^ 543; blond 
pr(*s>iure anil. $15; cttnsh'titlum and 
(liwQve and. 514415; t^pocted life 
of nmn, 517; e]i:pKinlion of life at 
birth by sex, 547; lif« f^lMshincy by 
sooa] rexnlsHon of envlronmeittal 
L‘undition», 546; Kfe eKitectaney map. 
518, 519; llfo i>xpccbiOuy ratM nnd 
linote ^tate, 5i7, 520; ninruUty ra(r« 
by caii»e and 516-517; pnlir rate 
and, 515; sex dlffeieiiooti In jnortalily 
rates. 520 

Lorenc. Muiy. 163. 204. 205. 212. 233, 
234 

Uyri*. Bu'.h Baby. S«v Bii^ Baby; dif* 
Immcra between lorldfomia and !«• 
mitriforms, 40; Potto, See Potto; 
slow, 43 

Loh^ xyiM^c cU»A6cntion of. 42 
Lolsy, S. P. 477, 726. 

Lowie. R. H.. 23.726 
Luwroy. G. K,. 554. 736 
Litoas. W. P.. 51$ 

LupjK. J, W, 726: «»n PTC tmting. 
3H6 

Liinl. P. W,. sknlli. fnind in eavo* in 
HmrJl. 262 

l,iiiHlhrrg. Han<<, and the Tepi^tpan 
Marv 283 

Liithervn Blood Groups, 358-359; de- 
lerminadoo uf, 356; discovery of. 
358; genotype? possible, 35B-3S9; 
table Ilf distribution of, 3^ 

Lydl, Chark?, aiid ibc Natcbea poM.s. 
271 

Lyon. O, W., 607, 739 


M 

Macoea, See CabrHdne Monkey 
Macaca iniS. See Java Monkey 
Mat;aea mulatta. Sec RIh^hs Monkey 
Muoaca sylvarm, Sec Bariwry Apo 
Mai.’Ab«ter, R, A. S., 291, 634. 726 
MacCurdy. G. G.. 291. 634. 726 
Mflc-Gowan. K,, 291. 726 
Maelnne.e, D. G., 152, 726; de^cripHon 
of Proconsul nysi^uie, J67 
Mackny, 1, 730 

jklacroscobdes, See Jiiinptng Shrew 
Macy. Icie G„ 639. 675, 676. 726 
Mainland. D, 633, 726 
MUk;^ O., on hjptoglnbfn groups. 381 
Malun, B. D.. 714 

Malio:. M., 726; discoverer of Veter* 
itii'a skiiU. 246 

Man, See oko Ethnic groups; Abhte 
ou comiiKm generaliretl foetal fonns. 
dU6; advent of mihin PUoccne. 296; 
Afaloii. 265; Afrkxt as site of advent 
nf. 296; Africanthrop;i.s* nfuTiixeagls. 
190-193; aJKl adaptatioi), 469; angle 
head iuakes wltli trunk compared 
with dog. 299; area variatiosa in 
stmebire and relaave size of iMir in, 
574; arrival In tlM America.^. 269; 
artikiets of fosiil man in/fries. 257; 
a.e a PWi&tocene form, 296; Albr>* 
thropus mturitaricus, 171*174: attri¬ 
butes of bi'inan status, 133; average 
craclul capacities, 458-459; body 
propoTtiortf of apes and. 90; Soskop, 
359; brain cast of, 227; brain size. 
226; brain’s growth in. 299400; Bury 
3t. Edmunds, 242; Chdtelpenon. 
209413; chromosomes from skin of 
Caucasoid newborn, illustrated. 334; 
chronologicahoultural table of. 146* 
149; classificatioD as a primate, 7; 
classfScaQoa of. 419; cla^fying fo»> 
si! manlike remains, 155*156; com* 
puriHon of braio size of Middle Pleis* 
toceoe and Modem, 254; comparison 
of brains, /aws. skulls of anthro* 
poicL with, 227; comporison of skulls 
of Zlnja&thropus and, 140; compo* 
nents 664; Confins, 262*283; con¬ 
temporaneity of morphologically di* 
verse fojms of. 307-315; cranial ca* 
padty of, 254*255, 572; erardal capa¬ 
city of Modem Europeans, 254; 
cranlo-facial a.<peol of skull of in- 
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fonr, illuilroted, 135; nirerin and 
mecbanism of ethnie ditTerannoiion. 
SI7>410; See aUc Pace; Cro-Masnon, 
212-2L3; development of teeth and 
preniaxlllo» 134*136; diagram of 
brain of, 104; disappenmnee of >n* 
>tincliv« sy.stem of drtves, 297; eaily 
aothropoid etoge of, 109; early man 
in llie Amencae, 200*271; editcnbiliiy 
true .species character of, 493* 
493; <*ffect of environment upon in* 
lelleetiiol development, 504*M5; ef* 
feet of AOciO'«co)iomic fuctnrs on 
growth, 546-551; Ebringsdorf, 303; 
and reanlts of non*adap(ive organ¬ 
isms, 399; entry to Americn from Si* 
iM ria, 269-370; erect posture us (irst 
mnnLke ndaptation, 297; aract pos¬ 
ture Its rstantion of pastnatal devel* 
opinenl of fetal conditions, 399; 
evolution of mental cliarnctcrs of, 
468*499; factors in making an Indi¬ 
vidual, 503; factors to be considered 
In xtudy of, 4; features diatinguKh- 
ing from apes. 87-89; finger, palm, 
cec, and sole prlnu, 581*5^; Rat- 
fneedness as o fetal character, 298* 
299; Florisbad, 259-260; Font^che- 
vade, 344-348; four stages of areo¬ 
lar development in white female, 
illustraHon, 579; Callcy Hill Skele¬ 
ton, 234-242i genetic urJysls ex* 
plaining human variability, 323*325; 
Grimaldi, 213-218; growth of brain 
in, 300-301; growth of population, 
544; head indices of receot popula¬ 
tions, map, 446; Heidelberg, 233, 
height and weight of children ac¬ 
cording to socioeconomic status, 549; 
heredity end Influence of environ¬ 
ment upon, 501*551; Homo heidel- 
bergen^ 183-184; Homo modjoket- 
tensii, 166-167; Homo aoleosis, 166- 
168; influence of eovironmeatal fac- 
toia upon structure and functioas of, 
529-551; Ingwavuma, 281; Kanam, 
256; Keilor, 178-183; Kdth on 
growth of brain, 301; Kraplna, 202- 
203; "law of* fetallsation, 301; 
learned behavior of. 297-398; Lon¬ 
don, 330-231; ina|or groups of, 419, 
470-471; map of areas of Indian 
culture and principal tribes in North 
America, 273; map of areas of Indian 


Man—cnnlinued 

cultitre ond principal tribes in South 
America, 274; map sliowing locution 
of fesab found, 165; measurement 
changes of children of immigrant, 
530; measurement of, 555-557; mens- 
urenient of body composition. 637- 
675; Megantluvpus paJneojavjr^iu, 
160; niechnni»m of differentiation of 
mnjnr and etlirric groups, 387-410: 
mcntnl diffcrciKvx between inahir 
niMl ethnic groups of. 467-488; Mid- 
lorHl, 275*276; micmtioi) rmilo nvnil- 
nble to primitive cnloiilsrs in La to 
Glacial aitd Enrly Post-Glacial time, 
uuip, 272; modern types rus n <lisrincC 
type. 353; Montmourln, 193-194; 
NoarHlerthal, 194-197; Neandertluil. 
curly. 198-199; Neanderthal, Later, 
199*303; need to study common pri¬ 
mate stem, 306; Neotenoos charac¬ 
ters in, 298; neutimouS characters in 
which mongoloids and negroids dif¬ 
fer from Caucasoids, 904; neotenous 
mutations, 302-304; nomognim for 
estimating surface area from lidght 
urtd body weight, 631; North Ajucfi- 
can sites associated with prehistoric. 
£77; origin and evolution of, 154* 
£88; pairs chromosomes in. 323; Pal- 
anthiopic, 159; palate and ccetik 
compared with Zinjantliropus. 141; 
Paleolithic, 270; Pekin, 170; percent 
distribution of total population by 
age, 545; percentage of children un¬ 
der average hd^t according to 
8 odo-econon)ic status, 550; pheno¬ 
typical character changes, 304-308; 
photographing for anth^poscopy, 
578-579; photometric observations, 
562-594; Plltdown, 320-228; Pithe¬ 
canthropus erectus, 161-164; Pithe¬ 
canthropus robustus. 164*166; postu¬ 
lates of mechanisms of ethnic dlffer- 
entlation in, 388-389; poteatiallUe 
differentialing from Donbuman pri- 
fflatee, 89; potentialities for learning. 
297; Pre-Columbian Indian types, 
skull, photo, 280, 281, 284; Pfed- 
most, 218*320; principal sites of an¬ 
cient Cultures in North America, 
map. 278, 279; prohlere of detor- 
mining point ape becomes man, 154- 
156; prolonged suckling period, 301- 
302; Fimin, 283; quest for aibsiit* 
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encr, 296-397; Quinzwio, 234; Rs- 
l>al, nS'lTd; rcktkuvhips of v<rii> 
U<s to one Bnothfr, diagram, 467; 
lUtodosian, 164*186; Saidanlu), 167* 
190; schematic representation of 
breast sh^es» illustration^ 560; seven 
forms of fossl man, illustration, 253; 
Sidi Abdemlunan, 175-176; signi* 
ficance of isolate differenoee, 474* 
498; Sioanthropus peUnensis, 169* 
173; dan folds over upper eyelid in, 
illustration, 575; social ccir«ei]iience> 
of the beologica] differences between 
the seies, 527-529; spiritual qualities, 
479-466; Steioheim, 301*202; studies 
of Boas on growth, 550; study of, 4; 
aitures of bralitcase compart with 
apes, 296; Swaascombe. 331*233; 
table of growth In brain and cranial 
ospedty, 300; table of social conse* 
quences of biological differences be¬ 
tween sexes. 528; temperature varia- 
tione of glarial Pldsiocene corre* 
lated with ccnOnental stages, indus¬ 
tries and. 270; Tepexpan, 263*284; 
theory of descent from '’unspccial- 
iaad'* anthropoid, I57.I56; theory of 
evoluiian by "higher and lower*' 
races, 207*208; tooth size and stat* 
ura, 130; upper }aw of newborn male, 
iUoslnQoQ, 134; vlciva on origin of, 
109; Veterrdco. 246-350; Wadfak, 
176*163; Wallbroob, 242-244; wei^l 
of brain, 300; white, See Caucasoids; 
Zinlanthropui, 155; Zltrikama, 359 
Mandal, C., 712 
Mandrill, photo, 71 
MandriUus sphinx, See Mandrill 
Manulb, A., 379. 726 
Marcos. , on PTC tasting 386 
Marder, V, J., 727 
Marks, H. H.. 676 

Marmorston, y. 5M, 730; seasonal in¬ 
cidence of some diseasia, 540 
Marmosets, chancterlstics of, 48-51; 
di&grun bcain of, 104; Pygmy, 50; 
.'yneptic clasrificataon of, 48; Tufted. 
40 

Mar^h, O. C., and the evolution of the 
horse, 267 

Marston, A, T.. end the Dam Held pit 
foxrils, 240 

Martin, K., Lehrhuch der Aruhroocte- 
git. 566 


Marfiri, H, 727 
Martin, P. S.. 291 
Martin, R,, 24, 632, 727 
Mnson, B. I, 152 

Massier, M., developmer^t of human 
dentition, 608 

Moliegka, J.. 638, 654, 663, 675; estl* 
matliig tissue masses on basis of body 
meaiuremcDts, 652; formulae devel¬ 
oped by, 653 

Matiegka's formulae, illuxtratian, 653 
blat/es River skeleton, cranial capa¬ 
city, 259 

Matson, G. A., oq Duffy bloud groups, 
359; on PTC tasting, 366 
Matta, D., distribution of subgroups of 
A and AB, 367 
Matus, S., 727 
May, J. M., 553, 727 
Mayr, E„ 91, 413, 723, 727 
McBumey, C. B.. 726 
McCance, R A., 638, 676 
McClelland, J. A. C, 714 
McCJendon. J. F,, photo of cretins, 543 
McCloy, C. H,, 663, 684, 677 
McConnell, R. B., on blood groups and 
dlabetea mellitus, 376; oa blood 
groups and stomach cancer, 376 
McCows, T. D, 291, 726; on cranial 
capacities, 459 

McGregor, J. H., cranial capacity of 
Piltdows skull, 223; forms of fossil 
man. 253 

McKoag. H. T. A., 712 
MeXenzie, Ronald J., 563 
McKeovm. T., 713 
McMaslers, J. H., 92, 731 
Mead, M., 553 

MediCemmeaQ, characteristics of, 449; 
groups widrin, 449; reason for name, 
449; sub*groups of, 449 
Megaotbropui palaeojavanlcus, finding 
of lower jaws, 160 
Meggers, B. J., 22, 23, 727 
MeUneaaans, decribed. 439 
Menstrual discuibances, corwUtudon 
and, 513 

Merd(‘s riunocerus, 345 

Meredith, H. V., 727 

MerSeld, F, G., 91 

Merritt, E. L., 632, 727 

Merton, B, B., on PTC tasting. 386,727 

Merton, B. K., 553, 727, 728 

Mere, A. L, 676 
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M«!oinorphx. Muteuluity 
Menzoic, in f^eoloslcsl dms-scnic, 96 
MeRler, F, A., 499, 727 
M«tller, L. E., 33: invwtifiAtiotwi on 
vbioKkoiome m«ml>ers in d>e primste^, 
32, 711 

Mewhinney. H., 635, 727 
Meyer, L. H., 734 
^(’Con^gIo, C. C. M«, 553, 726 
MiekcUen, 0., 678 

MiddlcJon, J., 727; Jel for bone oge. 
240 

Midjuid Man, description of, 276; find¬ 
ing of, 27Sj phoM of sku!l, 27S; 
radio-cairbon dating of, 276 
Midb, C,, 581, 715 
Miles, J. B. E., on dentition of Oreo- 
plthecu&. 146 
Mills, C. A., 538 

Miller, E. B., on dlstnbuHnns nf blood 
typ^ 352; on Dviffy blnod groups, 
359; on P blood groups, 356; on 
tesQng of pbcootypee, 347; work on 
Kell blo^ groups, 357 
Miller, G. $.. Jr., 727 
Miller, J. B., portrait of Sir Anliur 
Kellh. 18 
Miller, B. C., 730 

Mind, and funetiooal capacities a< bio¬ 
logical factor, 486-487; and genes, 
480; and stiMctiuB of ner/oos sys¬ 
tem, 485; aod uniqueDess of mao, 
487; as a social prodiKt, 486; Cog- 
hill on neurones and. 435-486: im¬ 
portance of In creating a person, 480; 
material stnictvires to subserve mental 
functions end inbarltance, 485; plas¬ 
ticity of Aod man’s position In animal 
kingdom, 494; produced by, 488; 
relationship between culture, body 
and, 474-498; survival value, 493- 
494 

MltcbeU, H. H., 636, 676 
MNSs Blood Group System, control ol, 
346; discovery of S blood factor, 346; 
diatrlbutioo cd, 347; table of, 3^ 
Moflet, E. W., 514,515, 730 
Mobanam, 1, on P blc^ groups, 356 
Mobl, J., 727, 00 P blood groups, 350; 
00 t^ng, 366; wori: on Lu¬ 
theran blood groups, 358 
Mollison, F. L., discoverer of Dutfy 
blood groups, 359; on CKiffy blood 
groups, 359 

Mdlison, T., crunopbor, 604 


Molleiw, V., 504, 713 
Monge, C., 539, 553, 727 
Moogolods, 462-469; American Indian 
or Amerindian, 465-466; Arctic or 
Esldmoida, 464-465; as last variety 
of man to become diJTerrntiaCed, 463; 
as pedomorphic type. 462-463; Cen¬ 
tral or classical, 464; characteristics 
of, 462; home of, 4^; Indonesian- 
Malay, 466-468; origin nf, 463-44M; 
photo of Javanese male, 483; slda 
nf, 462; subdivl>dons of. 464 
Monkey, Bnibary ape, 67; Black Cueu- 
on, 83; Catarrhioo. 54; Chaema 
Baboon, 70; Chimpanzee, 80; De 
Bnusa Guenon, 64; Gelada Baboon, 
68 ; Gorilla. 5ee Gorilla; Cuerezn, 73; 
Hajnadryaa Baboon, 69; Hooded 
Sapaiou, 58; Java Macaque, 66; 
Man^ll, 71; New World, S« New 
World Monkey; Old World, See Old 
World Mooki^; Orang-Utan. 78; 
Onakitfi, 56; Owl, 52; Platyxrhfne, 
rhesus, See Rhesu.« Monkey; Squirrel, 
57; Spider, 60; White-handed Gib¬ 
bon, 76; While-tbroated Sairajou, 
59; Woolly Saki, 55 
Monotypic species of primates, defined, 

31 

Montagu, M. F. Ashley, 23, ISl, 224, 
274, 291, 292, 316, 371, 414. 472. 
499, 553, 705, 709. 717, 727, 730; 
chemical analysis of Natchez bones, 
274-275; fiuorlno In bones from 
Swanscomb^GalJey Hill. 241; Hu* 
tner; Hereditv, 689; on cranial capsi- 
cibee, 459 

MoQ^aurin Jaw, iodioatton Angle of 
illustration, 194 

Montmaurii) man. descripHon of man* 
dible, 193; fin^rrg of mandible of. 
192-193; photo of fragment, 19^194 
Moatoye, H. J., 728 
Moore, Wilbert, 705 
Moor-Jaakowski, J. K,, 728; or^ distri* 
butioa of typos, 352; on Rh 
frequencies, 371 
Morant, C. G., 473 

Morant, C. M.. 291, 729; aod the 
Swaoacombe skull, 243; on cranial 
capadtfes, 4S8,459; the Swaoscoenbe 
skull, 229 

Morgan, W. T. J., on Lewis blood 
groupe, 361 
Mori. H., 076 
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NJiinmi v. M. C.. 833» 725) 

M<niltct\J.. 729;on haploginbln {trouiu, 
281; (>n P l>l(>(Ki jrrodp*;. 356 
MmiUoii. R. B., 675; {tmoepl of 
"chcmlciil mnOirily,’' ft3y 

A. B.. 414, 709, 713, 739; 
l))ixxl CT'Dips i>i (he Bsfr'iiic peopU', 
370; (liKcoveri'r i»f H«ivOiaw AnHgcn 
Mr, 363; <lucox'«Kr of Kell hlood 
irroujx 356; Hiscovcm of Lc^^’u 
htood grmps, 360< dishlbiiUun of 
blood group gerte A in al>origliu)l 
lK>puU(ions. 336; distribution of 
blood KTOup geno B in altoriglnal 
populAtionx, 337; di<tri|k(tlion of 
binni group gone 0 In aboriginBl 
inpuInKoTV', 338; disinbuHon of 
blood ipwtp gene A in Kumpo, 339; 
dlstrihutiun nf blood group gene B 
fn Europe, 340; IXsIrilniUnn of 
Mood group gene 0 in Europe. 34 J; 
nn Kidd blood grutips, 360; on test¬ 
ing of phenotypes, 347 
Muukten'uR indnairlos, photos of artb 

facti found, 200 

Mm4us. H. L., Jr„ 392, 729, 736; «pU- 
fneU of Soon culture group, 167 
MiiblmBnn, W. £., 33 
Moller, H, J., 414. 494, 705. 729 
MuUigan. H. H., 731 
MuTTBy, 8, on disMbiidon of Rb blood 
types, 3^ 

Muscles, hnnr meagurrs of, B44.648; 

mceairement of, 647<648 
Muscularity, use of term, 6^ 
Mustakallio. £., distribution of sub¬ 
group A and AB. 367 
Mutations. 395-397; aeoideot of breed* 
lug stnieture, 399; and skin color, 
395; defined, 395; importarK'C of 
small, 395; survival of. 397 
Mstdsl, Ciinnar. 705, 729 

N 

NttJxmrs, H. K., 729 
VB<>}itOiHro, HanA 709 
N'uMnylh, C,, 414, 729 
Nutebee pelvi., age »f, 271; finding of, 
271; fitmrinc cimlvnl, 271-275 
Neal, N', A., 715; table of eKildien un- 
tler anrage height. 550 
Neanderthal, Early, crarnJ espacitles, 
199; features tlitferent from Later 
I98>199 


Neuixlcrtiia]. Later, crania t eiqiM’ilies 
of, 199; Ehringsdorf wiminn. See Eb- 
nngadorf wnnuiu; differentuiling fea¬ 
tures from Early, 199,201; hyb^im- 
(ioQ of, 203; Kmplna umii, See Km- 
l>ina limn: sites yielding roiuaim of. 
199; SlcirJ)eIm uuui, ,Sei* Stcinhein) 
man. 

Ne.iTulertbal Mao, aitifaets of. 197; 
Imtin cast of, 227; brain si^e, 228, 
25^ oranial capacity of, 194-100; 
emuiogram of. 207, 217; distiuguisli- 
ing eharacterlstics, 196: Enrly, 198- 
199; forms nf. 197; illualrahon of 
“the Old Maji" ckull, 195; inclinaHun 
angle of chin, lilusIraHon, 194; Later, 
199-209; painting of domestic .<icenc 
of, 198; reconslruelion l>y Bmile. 
197; sVall nf, iJIiistrarion, 227, 253; 
use of term, 197 
Neanlhropic, use of te/iii, 150 
Neeroleniur, rclulkin^lilp to iarsioki', »5 
Needham, Joseph, 705 
Neel, J. V., 373 

Negrillo, Central African sktiD, llhu^ 
tratinn. 437; diaracteristics 431, 
434; defined, 431 

Negritos, Aodmnaneve, 434-495; Mela¬ 
nesian, 439; New Guinea Pygmies, 
436*438; Oceanic Negroids, 438; 
Papuans, 438; FhiUppirte, 435-436; 
Semang, 435 
Negro, Sec Negroids 
Negroid, Ainu, 447*448; Australian 
Aborigine. 440-443; Austral^ or 
Archaic Caucasoid Sub-division, 440; 
Bajitu-speahing Negroes, 424-436; 
Busbmu), 426-430: color skin, 419- 
420; distribution of, 439-449; ethnic 
groups of, 420; Forest, 422; geo¬ 
graphic distribution of African, 430; 
Half-Hamites, 423-424; Hamites, 
420-421; Hottentots, 430; Negrillo, 
See Negrillo; New World, 421; Nlio- 
Hamitm, 423*424; Nilotic, 422-423; 
Papuans, 438; Pre-Dravidlan, 44,5- 
447; Pygmies, 431; sJnjUs of. illu^ 
tratian, 437; true Negioea, 421; Ved- 
dahs, 444-445 

Negus, V., 729 

Neoteny, cone^t of, 309: defined, 298, 
306; evolution of mental faculties 
due to. 314*315; role in evolution, 

310; shift from ape to human being 
status due to. 314; use of term. 309 
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Ncuvilic, R, mi Ahlicvilljaii (mils, 1^0 
Npvjmlimw. H. R.. 710; cio PTC Inrt* 
inj', 386 

New Goinm Pyginle<, description c(, 
436; distribution of, 436'438: bomo 
of. 436 

New World Monkeys, Calllthrlelduc, 
Sec also Maniinset; Cebidae, Sec 
Cebids; foiiiiUes of. 47<48; synoptic 
cinvtifkration nf, 46 
Newlitirp)!. L. H.. 5S3 
NewniMii. Cnrdliuil, 550 
Newman, H, H., 502, 503, 504, 50fl, 
&S3, 720 

Newmun, M. T., 992, 414, 720 
Newton, E. T., Oalley Hill skdeton. 
238, S30 

Niodzicin, B., first ckscnptinn of Kidd 
blond groups, 360 
Nicninnn*Pic'k’s disease, 537 
Nf^ C., distribution of siibfjroups of 
A niul AB, 367 

Nijenlnns, L. on Dictfo blood flrunp 
fdienolypas, 362; on testing' of phenu* 
types, 347 

Nilo(c9, See Nilotic Negroos 
Nilotic Nc£TOc4, ehoiacleristics of. 422; 
clo&sifleatiOD of, 423; liomc of, 422; 
pliolo of, 422 
Ni»«n, H. W,. 92, 729 
Nitrogen dating inetbod, basis of, 286; 
content of famous bones, 286; use of, 
286 

''Nordic," ns n mutation, 450; descrip¬ 
tion of, 450; meaning of term, 450* 
451 

Notliarcrinae, genera of, 95, 97 
Nolhorclus, from Pelycodus, 97; skull 
of Eocene Lemur, illustration, 97; 
skull of modero Lemur, illustration. 
97 

Nunez Montriel, on Diego blood group 
pbcnolypee, 362 

Nycticebus rardigradus, See Slow Loris 
Nyman, M., 729; on haptoglobin 
groups, 381 

O 

Oakley, K. P.. 92, 167. 181, 274, 286, 
289, 291, 293, 635, 714, 716. 728, 
729,737; and Pdidown remains, 224, 
228, 228. 229; chronological table of 
bominoidi, 247; fluorine content in 
Bury St. Edmmids fossil, 242; fluo 
rine in bones from Swanscombo’ 


OaVley-^ouilMuecf 
Calley Hill, 241; lUnu the Tool 
Maker. 142, 143, 180, 181. 186, 
200, 215, 257; on australnprllieciiic 
use of Arc, 127-128; recftnirnictioii 
of auatralopitbccioe, 133; stone tools 
uf Pekin man, 170; use of test for 
bone age, 240 

Obstetrics, uoivriitutioonl fnct«>TS in, 

523-514 

Oceanic Nogroldx, (.'haraoteristics of, 
438; home of, 438; lanuueges of. 436 
Oceardu Pygirdee, See Negritos 
Okladnikov, A. P.. 459 
Ohgocene Tupaloid, plioto of sVuH uf. 
29 

Oliver, J. A, 380, 730 
Obvier. G.. 632, 730 
Olson, E. C.. 730 

Omomys, ancestral to the cebul<l.'<, 07 
Ooycho-osteotlyxplaria, 365 
Orang-utan, chamctcristics of, 79-Nl; 
photo, 78 

Orcopithocinae. In family Houtinidne, 
287 

Oreopithecus bambolU, as a houilnid, 
145* 147; discovery of skeleton, 146; 
recontimetion of skull, illustration, 
145 

Osserman, E. F., 677 
Osteometry, defined, 556 
Otiensooser, P., 730 
OuakAn Monkey, photo, 50 
Owen, J. A.. 730 
Owl Monkey, photo, 52, 53 

P 

P Blood Group, cause of factor, 355; 
dUcoverars of, 355; distribution of, 
3S6; frequency of, 355; table of P 
System of genes and blood groups, 
355 

Pace, N., 5, 675 
Paedogenesis, defined, 309 
Painter, T., investigations on ebromu- 
some numbers in the primates, 32 
Palaecantbropus njaraseosis, See Afri- 
cantbropus n>araseosis 
Palanthropic man, use of term, 159 
Palenochtha, relationsbip to tarsloids, 
95 

Paleoanthropology, alms of, ll< defined, 
II 
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Fainflk"v rcvogitL-w^ fnoo, 
94 

l'iil(*n]ft]Mc man. robitivc chniiH>!r>gy of 
nod Ilk inr^ii^lrlcs, 27{) 
l’alconk>|nfi>', Priinafc, 

P<<l«020j(.\ in ffmlofflcal limo-sc.«lc, 96 
pBliMftris Inn^a muMrte. 

586 

Phlswn, H., 875, 678 
l*an Kdtynis. Sec Chimpanzee 
Pninnixia. defined. 687 
Pnntin, A. M., on Diiffy hlcwcl groups 
359; on le»Kng of phcnnlyp«$, 347; 
wftA on Kell lilnod crotips 357j work 
on Liirlicnn blood fornipi, 358 
l*Qp30 hamsdrytts Sec Hamadryad 5s> 
boon 

Papio pnroArfus See Cliacnna Baboon 
Papuans characfnlificx of. 438*439; 
elaasifyinx, 438; local types. 438; 
photo of, 439; iw of term, 436 
Paranihropiu crasaklens irntAiTW of 
found, 128-130; (ooth ske and stat¬ 
ure. 13fi 

Parantbrnpos lobustua, eraniogntm of, 
123. 124; Rndinff of remalitt of, 110; 
remains of found. 119-122; skuQ of. 
illustradeo. 121 ; tooth ai^ and 
*>ature. 130 

l^arapithecua. dewnptioo of faw found. 

103. 105 
Park. 0.. 710 
Pari:. T., 710 

Parkin. D. M., diwoverer of Duffy blood 
groups. 350 

PbjwII. R. W.. 665. ffT?. 730 
Paromornys. relationship to larsioids 95 
Parr. L. W,, on PTC ranting, 366 
Pascale, L. Ft.. 677 

Paterson, T. T,. artifact•; of Sono culture 
group. 1^ 

Paterson. D. C-, 202. 730 
Ptttc. B.. 730; on cranial caiuicltlee. 
456 

Patten, W.. 414, 730 
Patterson, B.. 730 
Pauling, L. T,, 373 
Peacock. L, 730 

P«H. B., 514, 515. 546. 833, 730 
Pearson. Karl. 543. 572, 730; cranial 
capacity of females, 604; founder of 
niodem school of binmetrica, portrait, 

16 

Pedofliorpljosb. defined, 306; use of 
term, 309 


Pei. W. C., 730; artifnclK of b’oan e«il- 
iuF(> group, 187; ou loetli of ap«« 
and man. 115; stone took of Pekin 
man, 170 

Pekin Man. »|nuc tools of, illustration, 
17(5 

Pelyeodus, giving rise to Notliarchia, 97 
PennJmtn, T. K., 23. 730 
Penmse. L. S.. 693 
Peptic ulcer, contfitution and, 513 
Pe^. D, 553. 730; seasonal incfdeiicc 
nf KOme diseases, 540 
Pemicletu! anemia, relationship of blood 
group A to, 378 
Perodicdciis. See Potto lorb 
Peter, L., on FTC lasting, 386 
Peterson, M. S . ffTfi 
Peterson. R. B.. 676 
Peterson, W. F., 553 
Peterson. W. R., 730 
Phenacolemnridae. genera of, 94 
Plillippinc negrifo, characterlstli» ijf, 
4^; entnial capacity, 436; home of, 
435>4d6 

Physical anthropologist, work of. 3; d^ 
fined, 4: father nf. 8; importance of. 
21; methods of mea.nirein«nt in, 555* 
629; principal aim of, 4 
Pliyslcal anthropology, scope and defi* 
nitlon, 3-21; use of genetic aieH^s 
of study. 4. 7 

Pliysiometrie ohservatioos. basic obscr* 
vationa. 582-587; Hsdng of basic 
tests, 583-587 
Physiometry, defined, 558 
Pick. Sec Nfemann-Piek, 527 
Piggott, S., 635, 730 
Pi;per, A., 430 

Pilfdoum Man Hoax, age of orang man¬ 
dible, 226 ; age of skull, 228 ; craniat 
capacity, 222; description of remains, 
220; faked bone Implemeet, 225; 
"fifKlmg" of, 220; fluorine content 
of. 224; Further ConMbutione to the 
SohOion of the TiUdowr, ProhUm, 
228; jaw compased with other faws, 
223; laws of. lliusbatloii. 223: palnl- 
iog of Committee studying. 226; re- 
cofistiuction of skull, lHustiatioa. 221; 
skull of. 253; SofuHon of the POi- 
doiun ProWsm. 228; The PtWoim 
Forgery, 230; tools ^od with 223* 
Welaer on, 224-226 
Pineau, H,. 632, 730 
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nthecanthropui erects, brain cast cf, 
237; brain lize. 338: brain volumo 
of, 3U; tooth BiM and stature, 130 
Pithecanthropus erectui, I, cranial 
capacity of, 161; finding of fint akull. 
161i fluorine content of remains, 161 ; 
reconsCrvcUon nf ^11, lllustratloo, 
162; skull of, Jlustratton, 227, 253; 
use of term, 163 

Pithecanthropus erectus 11, cranial 
capacity. 164; crardum, iUustrstion, 
163; finding of seeortd ikiill, 164 
Pitheoaatbropus erectus III, finding of 
fragment of skull, 164 
Pithecanthropus robushis, skull IV, 
cranial capodcy, 165; description of 
Jaw, 164-165; finding of skull of, 
164; hominid form most resembliiV 
auitraloplthecines, 307; trend of evo* 
ludon to Solo man from, 307; unique 
futures c^, ieS>166 
Pithecla monocbus, See Woolly Saki 
Monkey 

Pittendrigh, C. 5,. 415, 733 
Pitts, G. C, 677 
Piveteau, J., 392, 730 
Flasniodium falciparum, relationship to 
sickling, 374 

Platyrrhine Monkey, illustranon of nos¬ 
tril arrangement, 54 
Platyrrhijii, Ceboidea, See O^Midca 
Fleeiadapldae, genera of, 94 
Pleslanthropus Cransvaalensis, cranjo- 
gram of, 124; finding of remains of, 
117-119: right pelvic arch, photo of, 
120; skull of, recoostrucled, ilhis* 
trated, 117, 118.119, 136; loodi site 
and stature, 130 

Fleeiolestee, relatloashlp to Palaechlhon, 
95 

Plettenberg Bay skeleton, 259 
Ploetz’s Eptfoma, 33 
Pneumonia, bronchial, relationship to 
blood group A, 376 
Polishuk, Z., 720 

Polunin, 2., on P blood groups, 356; 
on testing of phenotypes, 347; work 
on Kell blood groups, 357; work on 
Lutheran blood groups, 358; on 
A-B*0 blood group frequencies of 
Pygmies, 436 

Polyneriaru, admixture of. 461-462; 
clraraclerisUcs of, 361; borne of, 361; 
Polytypic species of primates, be¬ 
ginning of all forms of man, 406; de- 


Polyiie5i8ns->conrifMjad 
fined, 31, 406407; mankind as, 407 
Ponginae, chaiacterullcs of, 79*87 
Pongo pygmaeus. See Orang-Utan 
Pons. J., 730; on PTC tasting, 386 
PostcranJal osteometry, 618*629; InsEm* 
meets used for, 620; leogth-breadth 
ificial index, 628; mcasirccments, 
620 - 628 ; pelvic breadtb-bdgbl index, 
625; pelvic Inleft Index, 626; pelnstric 
index, 624; platycneniic index, 625 
Potiix<aum-Argon dating mctliod. 286- 
287; basis for. 286-287; difficulty of, 
287 

Fulto Loris, cbaractcriatic^ uf, 40 
Prcdmost Mao, brain rise, 228 
Pfedmoit People, characteristics of, 
218: cranial capacity of, 2X8-220; 
254; 6e»ding of remains of. 218; skull 
of, illustration, 353 

Pre*Dravidians, cbaractenillcs of, 445* 
447; home of, 445; relationship to 
Sakai, 445 

Prichard, James Cowles, Pteseorchas 
into the Physical HUtcry of Mankind 
and Natural ffiriory of Man, i)or- 
trait, 10 

Primates, as a toologfeal group, 25-91; 
chromosome numbers In, 33; classl- 
ficatiou; 31*38; comparison of brains 
of diflerent t>^ of. 104; develop* 
atent of sense of vision, 100*1(>1; 
developnieni of senses, 101*102; 
famihee recognized from Paleocene, 
94; general description of. 30-31; 
habitat of non-human, 38; iJnnaean 
system of clasrificaUoD, 38; mean 
brain volume differenKatiog aothro* 
poid and human, 313; mitotic duo- 
mosomes of representative species 
33, neonatal skull of various, 303; 
number species of living, 30*31; ori¬ 
gin and evolution of, 94-147; phylo¬ 
genetic relationships of In their geo* 
logical background, 251; purpose in 
studying non-buman, 30; recogniaed 
subordd^, 33, See also Anthropoideo 
end Prosimii; relationships of eoriy, 
table of, 98; scheme IlKis^ting com- 
n\on primate stem, 305; specie^ of, 
31; t^le of clas^caCoGS of, 35; 
tree-shrews. See Tree-shrews; verte* 
bne of, 41 

Primate paleontology, defined, 10 
Primalology, defined, 7; father of, 5 
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fiMisils Ilf, !<J5-J07 

PnicoiRiil iifrfcat)MS plioio of shill, 100 
I*roc'«n>jtI inujor. f<w<(l of, 107 
Proconbiil iiyanTaic, fiMi] of, 107; rialo* 

rjtioii nf, 108 

Pn>pliopJth«>iis, iti)c«»tor of man. 113; 
of fa^ of, 105 

Proiiniii, odapUlioii lo arboreal life, 
ai-lOU; infraordvrs of, 33; Lejmir* 
oic]«, See Lemiin,; Lot1>okIs, Sn- 
lairiK; origin nf, OO'lOO; mibordcr nf 
33: Ta7><ioi<I»*. Srv THrvi(*r 
IVoterogenc-si% ose of term, 300 
Prott'na<iic', In gf^ilo^nl HnuM,cnlc, 5)0 
Ptj or. H. B., 515 

rrC, ahliity lo ta<te in homvt populn* 
lionv 3K6: adnpflvc vahie nf. 384; 
biolofffcal acriim of, 355; voncentra* 
iliHfe of, 584; ecolugivnl story. 385; 
Iftme freiiupTKies and nnri-ta&lers. 
3M; involved (n tasting wkI 

nuii'lasting, 363; In food, 384: in 
iwiienla willi ihynHd dUen^. 384; 
noTWa'ilMs, deflo^, 383; noihlaiiters 
in chintpsiuees, 383«3$4: procedures 
UMsI. 584. 585; lasting and non- 
tailing. 383-387; tA.stirgE. defined, 
383; lest for t&siing of. 564: use in 
delermining type divroid disorder, 
384485 

Puck. T, T,. 735 

Piinin. skull, descripKon of, 262; dis* 
oovery of, 282; lype man, 282 
Pycraft. W. P., the Pillriowo Comniii- 
te«. 220 

Pygmies. A-B-O bbod group freqnen- 
tries of. 438; charactcnitics of. 431; 
geographic dlslribution of. 431; 
groups according to physical differ* 
enetb, 431; See aUo S^egrillo and 
Negritos; Oceaole. See Negrilns 
Pyginy Marmoset, phiWn, 50 
Pyk 6. I., 720 

Q 

OuftiAlCTll, A., 730 
(^icmledt, W, 730 
C^iiggin. A. Hinstiin. 472 
Qiiimhy, G. I,. 201 
Quinzanu skull, finding of, 234 

R 

Rabat, finding of fragments of, 178*179 
Jlufi*, See Elhnk groups; ar«] Ore- 


Bitce-^’onriMunf 

sJiam's Lew for ivords, 695; cciteris 
of analysis and clasdficalfon, 319- 
327; defined, 4J8: definition In gen- 
c4ic sense, 419; definitions of. 316; 
dii&cnlties with use of term. 892* 
809; difficulty of clasdficatlon, 310. 
322; e«nn>ple of nrsnlts of admixtnro 
of Bnsliinan nnd Caucasoid, pliolns, 
320*321; gcograiJiec. 408; niinise <if 
K'Tin. 409; Nordic, 409; otiicr U>nm 
meaning, 692493; molnl types, 409: 
tjc-isl view towards imporlnncv lo 
man, 474; UNESCO Statement on, 
700-705; UNESCO StnUment on 
Nature of and Race Differences, 705- 
709; use of new term ’'Ethnic 
groups," 692; use nf term, 11-12 
Rnee, R. R., 414; discoverer nf Kell 
Blood groups, 356; discoverer of Lu- 
tliemn liluod grouiK, 358; <»n lihtHl 
gmnp system, 340; on distribntiim nf 
blood types. 35& m PTC lasting. 
38fl; on (e^tiivt of jJienotype.s, 347 
Hailioc:irl)on Dating, basis rff, 2^; iso¬ 
topic ciirieltfnent. 365-286; liiuiln- 
tinns of, 285; lisHng of services for, 
835; |Wla.ciiuin-AHO)i, 266*287; um> 
of. 285 

llanke, J., cTuniopImr, 604 
Hanson, 8. W., 73fi; Aivirnnij^ of iho 
Nerooiie System, 465 
Rao, C. R.. 633, 730 
Raper, A,, 375, 376 
Rathbun, E. N., 675 
Reck, Hans, description of Africanthin* 
pus njaraseasis, 190; on Africantliro- 
pus, 192 

Re^less, W, C., 507 
Record, R. G., 713 
Reed, C. E.. 712 
Rees, W. A., 710 

Rwve, G. H., nn Arrfcaniliropns, 193 
Reguera, R. M., 379 
Reid, n, R., 731 

Heranne. A, on OresmitIuKtK as .i Im* 
mioid. 147 
Henkunen. K. O., 379 
Renton. P. H, 734 
llcnsMcV, J. H., 365 
Reynolds, E. L., 676, B76 
Rli factor, negative bTivKl type as recent 
mutation, 370*872; nf chimpanzees, 
369-370 
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lth*hr BIcxxi abhi>)Ke» in groups 

with known Mo)tgoloi<l traib, 3^; 
Klieliv cr^rresponding ugglu* 

Ihtogeros and reactions of, 350; con* 
tra^iing fnctors, 348; dbenvery of 
Rh factor, 347; dutribiition of, 3S0, 
353? genotypes nrwJ plwnotypcs, 
triblc' of. 349? principal nii*factors, 
347-348; Rh gen«. 349*350; table 
nf dLsirihution, 352; tuble of plieno- 
typos and genotypes, 351? theory of 
i^her, 353-354 

Khesns niordecy, diagmiii <if bruht of, 

104 

Rhodesian Man, Sge also Hnmn rhtxle- 
servas, Kdth on, 185; skull compared 
with Saldanha slotlknp, illustmtion, 
188i skull of, iDustralion. 185, 253 
Richer, P„ 638 

Rlditer. C. P., on PTC tasting, 384 
Riddell, W. J. B., on PTC toAicig, 388 
Hide, L. L.. on distribution of blood 
types, 345 
Rife. D. C„ 731 
Rikimaru, J., on PTC lasting, 388 
Ring-tolled Lemur, photography of, 38 
Roberts, D. F„ 23, 141, 392. 731 
Roberts, F. H., Jr., 293 
Roberts, J. A. Fraser, on blood groups 
artd diabetes mellitux, 378? on blood 
gmiips and stomach eancer, 378,415, 
731 

RobitwoD, J. T., 118, 119. 120, 147, 
150, 152, 712.731; dfaeovery of bone 
tool, 143; findings at 8^rartknDS, 
128, 129. 130, 131, 132, 133; on 
brain volume of aiisCralopJthecines, 
313; on cramal capacities, 458; on 
Gigantopithecus. 115 
Rodenwftidt, E., 731 
Itodiiguez, M. L. C. de, nn hapti)gl(J>io 
groups. 381 

Roe, A„ 499, 833, 731, 733 
Roentgen, epproisal of adipose tissue 
by. 661 - 662 ; use as predictor of den* 
sity of body fat, 880*681 
Roentgenography, soft*tis«ue, illustra¬ 
tive eKomples of, 656; sites for 
examination, ^5? technique of, 655; 
use of. 654-655 
Rogers, C. M., 730 
Routanlos, 461 
Romer, A. S., 152, 731 
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Rowan, W., 530, 731 
Rowe, C, W-, 731 
RxK'h, T. C., 162, 731 
Rithimann, A., nn Abbwillluu lonb, 
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RuAScIt, Bertrand, xiil, 543, 605 
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Socks, M. S,, 719 

Saimirl sdnreax. See Squirrel Moi)kcy 
Sakai, chanctcrlstit.*s nf, 445, 447; re¬ 
lationship to Pr^DravIdlan, 445 
Salaiat Mallen. on Lewis blood groiiits, 
361 

S&ldanha. P. H., 731; oa PTC tasting. 
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Ssldardta Man, comparison with Rbo- 
desCan skull, iUostratinn, 188; dis* 
covery of ^llcap, 187? photo of 
hand-axes, illuxtratiun, 190: photo 
of cleavers found, 130? recontrmetud 
skull, illustration, 187? resemblance 
to RJtodesian skuU, 187? tools of, 
188-190 

Sailer. Karl, 24, 633, 727 
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and Groufth. 548 

Sanderson, I, T., 9% The Uonkcv King¬ 
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Sanger, R, 414; on blood group sys¬ 
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rcncc ol, 372 
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NfNSx i^tenotypea. M7; work on KeH 
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Sicklemia, See Skkiing 
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lrlb;iLlon of in Uganda, 375-376; fre- 
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